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Forerunner  of  Progress  in 
Mining,  Q.uarrying,  Construction 

Tlu‘  record  blast  of  628,985  lb.  of  explosives  recently  deto¬ 
nated  at  the  Peter  Mitchell  Mine  of  the  Re.serve  Mining 
Company  was  not  an  effort  to  secure  newspaper  headlines. 
Rather,  the  size  of  the  blast  was  dictated  by  the  economic 
lU'cessitv  of  producing  a  large  cpiantitv  of  well-broken  taco- 
nite  at  the  lowest  possible  cost.  Guided  bv  studies  of  various 
size  blasts  at  this  propertv,  the  management  decided  a  large 
blast  would  produce  the  results  desired. 

A  detailed  description  of  the  reasons,  the  planning,  execu¬ 
tion,  and  results  of  the  largest  open-pit  mine  blast  on  rec- 
oul  starts  on  page  167. 

o  o  o 

With  its  steadily  increasing  population  and  accelerated 
industrial  and  agricultural  demands  for  water,  Cadiforuia, 
like  most  other  states,  is  constantlv  searching  for  new 
sources  of  this  \  ital  commoditv.  To  secure  this  much  needed 
water,  California  has  started  the  Trinitv  Ri\  er  Project.  This 
project  will  taji  lakes  and  rivers  of  the  rugged  Trinitv 
County  area  which  has  long  been  known  as  an  outdoors- 
man’s  paradise  because  of  an  abundance  of  fish  and  game. 

One  of  the  biggest  jobs  of  the  project  will  be  the  driving 
of  the  11-mile-long.  20-ft. -diameter,  concrete-lined  Clear 
CrtH'k  Tunnel.  P'or  an  interesting  description  of  this  region 
and  the  tunneling  procedures,  please  turn  to  page  173  and 
read  the  article  bv  Robert  Lee  Behme. 
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of  Rome,  Cieorgia,  took  to  circumvent  such  complaints  and 
at  the  same  time  increase  blasting  efficieuev. 

John  Loviza’s  article  “Blasting  with  Short-Period  Delay 
Detonators  in  Georgia  Limestone,”  which  begins  on  page 
179,  details  the  blasting  procedures  and  explains  the  re¬ 
sults  of  the  studies  made  to  determine  the  \  ibrations  and 
the  noi.se  levels  caJi.sed  bv  blasting. 


o  o  o 

\\  ith  cities  growing  in  all  directions,  manv  (piarries  that 
formerly  were  far  removed  from  human  habitation  and 
could  operate  without  disturbing  neighbors  are  now  re- 
cei\ing  complaints  about  noise  and  x  ibrations  from  home- 
owners  in  e\  er-increasing  numbers.  It  is  interesting  to  read 
the  account  of  the  steps  the  Readv-Mix  Concrete  (’ompain 
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The  .Moles  .\wards  for  1959  will  be  gi\(‘n  to  james  F. 
Armstrong,  \ice  president  of  Peter  F.  (.’onuollv  (.'ompauv, 
and  John  Bruce  Bonny,  \  ict*  president  and  general  manager 
of  .Morri.son-Knud.sen  C.ompauv,  Inc.,  for  outstanding  con¬ 
tributions  to  construction  progress.  More  details  will  be 
found  on  page  184. 

o  o  o 

\\  ith  suitable  ceremonies  at  wideK’  separated  p;irt.s  of  the 
countrs',  the  Sentinels  of  Saft'tv  trophies  and  flags  were 
pre.sented  to  five  of  the  six  winners  of  the  1957  .National 
Safet\’  (.ompetitiou.  (^ompanv  officials,  representatixes  of 
the  S.  Bureau  of  Mines,  local  officials,  and  guests  paid 
tribute  to  the  workers  at  the  National  CNpsum  (.’ompain 
in  Pennsvlvania.  Michigan  Limestone  Division  of  I’.  S. 
Steel  in  Michigan.  Hanna  Ore  .Mining  Companv  in  .Minne¬ 
sota,  Tennes.see  Copper  (>ompanv  Dix  ision  of  Tennessee 
Corporation  in  Tennes.see.  and  Republic  Steel  ("ompaiiv  in 
Kentuckv. 

Brief  descriptions  of  the  ceremonies  honoring  the  xvin- 
ners  are  giv  en  in  the  article  on  page  18.5, 
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Joy  Challenger  Drills 

Start  Powerhouse  Rock  Job 


drifters  drill  4"  or  41/2"  diameter 
holes  30' deep  without  a  steel  change. 
Drill  cy  cle  speed  and  smooth  opera¬ 
tion  proved  Joy  the  best  for  the  job. 

Joy  TM-500  Drills  go  deep 

The  guts  of  the  Joy  Challenger  is 
the  rugged  630  lb.  TM-500,  a  514" 
bore  drill  that  combines  power- 
packed  punch  and  rotation  w'ith  out¬ 
standing  hole  cleaning  ability  to  bot¬ 
tom  deep  blastholes  with  ease.  Fea¬ 
tures  of  the  TM-500  include: 

nCT  Force  Feed  Lu- 

p  j  brication  of  all 

rotating  parts. 
Exclusive  Joy 
Dual  Valve  for 
positive  air  con- 

''I  r  “P 

^  ’  i|  r  .  down  stroke  of 

'  1 1  J  ^  piston. 

^ ^11^  Replaceable 

'III  Bushings  at  all 

wearing  surfaces 
PB  Ij  including  the 


Joy  Challengers  started  drilling 
blastholes  within  60  days  after  Mer- 
ritt-'^hapman  &  Scott  was  awarded 
the  S99  million  contract  last  Febru¬ 
ary  for  construction  of  the  main 
powerhouse  of  the  Niagara  Generat¬ 
ing  Plant  at  Lewistown,  N.  Y.  The 
entire  Niagara  Power  Project  will 
cost  S625,(K)0,000. 


Joy  WN-224’s  Supply  the  Air 

Since  M-C&S  is  using  5  Joy  Chal¬ 
lengers  on  the  rock,  three  Joy  semi- 
radial,  four-cylinder  WN-224  w’ater 
cooled,  two  stage  compressors  are 
used  for  air  requirements.  The  WN- 
224  is  the  largest  package-type  com¬ 
pressor  available. 

Your  projects  may  not  be  Niagara 
size  but  if  you’re  drilling  rock,  ask 
a  Joy  Engineer  about  equipment  that 
profits  you! 

Write  Joy  Manufacturing  Com¬ 
pany,  Oliver  Building,  Pittsburgh 
22,  Pa.  In  Canada:  Joy  Manujactur- 
ing  Company  ( Canada)  Limited, 
Galt,  Ontario. 

Write  for  FREE  Bulletin  252-5. 

WSW  C72eO  252 


Here’s  the  rock  that 

must  be  moved 


W'ith  9,000,000  cubic  yards  of  plant 
site  rock  to  drill,  M-C&S  relies  on 
Joy  Challengers  to  get  on  w'ith  the 
CONSTRUCTION  AHEAD.  These  Joy 


Manufacturing  Company,  Oliver  Building,  Pittsburgh  22,  Psu 

EQUIPMENT  FOR  CONSTRUCTION 

PORTABLE  AND  SEMI  PORTABLE  AIR  COMPRESSORS  •  ROCK  DRILLS  •  TRAC-DRILLS  •  DRILL  BITS  •  BACKFILL  TAMPERS  •  SPADERS 
PAVING  BREAKERS  •  SHEETING  DRIVERS  •  DRIFTERS  •  PORTABLE  HOISTS  •  FANS  AND  BLOWERS  •  PORTABLE  SAFETY  LIGHTING 
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If  You  Use  Blasting  Caps 


//  ! 


EXAMINE 

THESE 

FEATURES 


'  DEPENDABLE  FIRE — Special  alloy  is 
used  as  the  bridge  wire  in  the  firing  ele¬ 
ment  of  Hercules  Electric  Blasting 
Caps.  Wire  is  noncorrosive. 

©ENGINEERED  SHELL— Bronze  shell  of 
a  Hercules  cap  goes  through  fifteen 
separate  operations  while  it  is  being 
expertly  shaped. 

©TOUGH,  HIGH  DIELECTRIC  INSULATION 

— I.ieg  wires  of  Hercules  caps  are  coated 
with  plastic  in.sulation  for  outstanding 
toughness,  resistance  to  abrasion,  su¬ 
perior  dielectric  qualities. 

©SECURELY  ANCHORED  — A  cast  sulfur 
plug  in  the  upper  part  of  shell  anchors 
entire  firing  mechanism  in  plac». 


special  Hercules  waterproofing  formu¬ 
lation  minimizes  the  possibility  of 
moisture  or  dampness  penetration. 

©.DOUBLE-PACKED  WALLOP-Bridge 

(wire  e.\tends  into  the  priming  charge 

Oiand  makes  positive  contact  to  give 
'rapid  ignition. 


HERCULES 


BLASTING  CAPS 

Partners  in  Dependability  with  Hercules’  Explos'ves 


HERCULES  POWDER  COMPANY 

Explosives  Department:  900  Market  Street,  Wilmington  99,  Delaware 
Birmingham,  Chicago,  Duluth,  Hazleton,  Joplin,  Los  .Vngelt's, 
New  York,  Pittsburgh,  Salt  Lake  City,  San  Francisco 
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Robert  J.  Linney 

EXECXTIVE  VICE  PRESIDENT 
RESERVE  MINING  COMPANY 


A  BSo^papliy 

IN  1940  Robert  J.  Linney  decided  to  stop  sliding  downhill 
and  begin  climbing  uphill  in  earnest.  And  with  that 
decision  bobsledding  lost  one  of  the  greatest  figures 
in  the  historv  of  the  American  sport.  At  the  same  time  the 
Republic  Steel  Corporation  began  to  get  the  undivided 
attention  of  the  mining  engineer  it  had  just  appointed  gen¬ 
eral  superintendent  of  its  Port  Henry',  New  York,  Division. 

The  holder  of  virtually  every  major  North  American  title 
in  this  he-man  sport,  young  Bob  came  by  his  taste  for 
mining  naturally— he  represents  the  fourth  consecutive  gen¬ 
eration  of  mining  in  his  family. 

Rob’s  grandfather  was  a  Welsh  miner  who  left  the  iron 
mines  of  England  to  emigrate  to  the  United  States.  His 
father,  Joseph  Robert  Linney,  started  as  a  slate  picker  in 
the  coal  mines  near  Scranton,  Pennsylvania.  Here  he  ad¬ 
vanced  rapidly  until  the  Delaware  &  Hudson  Coal  Company 
ofiered  him  the  post  of  manager  of  its  northern  iron-ore 
subsidiary,  the  Chateaugay  Ore  and  Iron  Company  at  Ly’on 
Mountain,  New  York.  The  elder  Linney  changed  this  prop¬ 
erty  from  a  raw,  rough-and-tumble  mining  venture  to  a 
safe,  efficient  mining  property. 

Just  as  his  father  had  started  his  mining  career  in  the 
Pennsylvania  coal  fields  at  the  age  of  ten.  Bob  began  work 
at  the  age  of  twelve  in  the  magnetite  properties  in  the  Adi- 
rondacks.  He  attended  grade  schools  in  Taylor,  Pennsyl¬ 
vania,  and  in  Lyon  Mountain,  and  Worcester  Academy', 
Worcester,  Massachusetts.  He  studied  engineering  at  Yale 
University,  and  in  1929  took  his  first  full-time  job  as  a  min¬ 
ing  engineer,  returning  to  the  same  properties  in  New  York 
State  that  his  father  had  rebuilt,  reorganized,  and  directed. 

A  year  after  he  began  work  as  a  young  engineer  he  was 
made  level  foreman.  Three  years  later  he  became  superin¬ 


tendent  of  concentrating  and  sintering,  and  in  1937,  general 
manager.  Shortly  after  the  Republic  Steel  Corporation 
acquired  these  properties  in  1939  he  was  made  district  man¬ 
ager  at  Lyon  Mountain,  New  York. 

This  was  the  period  when  bobsledding  shared  his  inter¬ 
ests,  and  he  was  able  to  put  his  knowledge  of  engineering 
and  metals  to  work  in  that  sport.  The  energetic  sledder  not 
only  changed  some  of  the  sledding  techniques,  but  rede¬ 
signed  the  bobsled  itself.  This,  plus  his  drilling  of  the  team 
for  the  starts  and  his  skillful  and  fearless  driving,  won  fame 
for  Bob.  He  was  the  holder  of  the  four-man  North  American 
title,  the  one-mile  track  record  at  Mount  Vanlloevenberg 
(the  bobsled  shrine  of  North  America),  and  was  nominated 
the  No.  1  bobsled  driver  of  1939.  With  the  choic'e  by  the 
Olympic  Bobsled  Committee  of  Bob’s  team  to  represent 
the  United  States  in  the  1940  Olympics,  only  the  Olympic 
championship  remained  to  be  added  to  his  laurels.  Un¬ 
fortunately,  the  team  never  had  the  chance  to  compete  at 
Saint  Moritz  that  year  because  of  the  war. 

But  his  appointment  in  1940  as  general  superintendent 
for  Republic  Steel  at  Port  Henry,  New  York,  spelled  the 
end  of  bobsledding  for  Bob.  He  announced  his  retirement 
from  the  sport  to  devote  his  time  to  the  new  job.  Ten  years 
later  Republic  sent  him  to  the  Reser\e  Mining  (iompanv’s 
taconite  operations  at  Babbitt  and  Silver  Bay,  Minnesota, 
the  new  venture  owned  eijuallv  and  jointly  bv  Republic 
Steel  Corporation  and  Armco  Steel  Corporation.  As  man¬ 
ager  of  operations,  he  had  an  important  role  in  helping 
plan  and  design  the  vast  facilities  created  for  this  pioneer 
effort  in  a  field  that  hitherto  had  baffled  every  attempt 
by  the  iron-mining  industry  to  solve  the  problems  presented. 
In  19.56  he  was  made  \  ice  president  in  charge  of  operations 
of  Reser\e  and  in  Julv,  19.5S,  he  was  made  executive  vice 
president,  the  position  he  now  holds. 

I  lis  share  in  the  development  of  the  taconite  process  was 
not  solely  as  an  executi\e,  either.  He  holds  patents  used 
in  mining,  beneficiation,  and  agglomeration,  including  the 
Linney  Magnetic  Separator  now  used  at  Silver  Bay.  He 
is  the  author  of  nninerons  technical  articles  on  mining, 
beneficiation,  and  agglomeration.  With  .some  thirty  years’ 
experience  in  the  mining  and  processing  of  magnetite  and 
taconite.  Bob  Linney  now  stands  at  or  near  the  top  in  this 
most  basic  .\merican  industry. 

Bob  is  a  man  of  many  interests.  He  is  an  avid  ba.seball 
fan,  and  has  played  and  managed  amateur  and  semipro 
ball  teams.  He  lovt^s  music,  is  a  .self-taught  organist,  and 
plays  on  occasion  for  his  own  relaxation.  He  and  his  wife, 
Jane,  liv  e  at  71  .Adams  Boulevard,  Silver  Bay,  Minne.sota. 

Mr.  Linney  has  been  active  in  community  affairs:  a  for¬ 
mer  president  of  the  Port  Henry  Chamber  of  (Commerce, 
and  of  the  Young  Republican  Club  of  Clinton  Conntv. 
.New  York. 

He  is  an  enthusiastic  club  man,  maintaining  club  mem¬ 
berships  in  the  cities  he  visits  most  frequently.  He  is  also 
a  member  of  the  Lions,  Elks,  Shrine,  and  Theta  Xi. 


THE  EXPLOSIVES  ENGINEER  ★  DEVOTED  TO  INCREASING  EFFICIENCY  AND 
SAFETY  IN  THE  MINING,  QUARRYING,  AND  CONSTRUCTION  INDUSTRIES 


Thf  iiumiiIhts  of  the  editorial  staff  of  Thf.  ExFi.()sivr:s  ExcaxKKR  extend  to 
their  readers  and  friends  throntihont  the  work!  best  wishes  for  tlie  new  vear. 
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l>o  wer  €»f  An  Idea 

Tlie  Sentinels  of  Safetx’  tropiiv  is  a  hron/e  statue  of  a 
mother  holding  lier  hahv  in  her  arms,  the  child  holding  his 
hand  outstretched  to  welc*ome  the  father  upon  his  safe  re¬ 
turn  from  work.  The  idea  in  the  mind  of  the  scnlptor,  Begni 
del  Piatta,  when  he  executed  this  statue  was  that  the  figures 
of  the  mother  and  child  were  sentinels  standing  at  home 
kt'eping  watch  o\  er  the  safetv  of  the  husband  and  father. 

Exerv  vear  since  1925,  these  six  trophies  hax  e  berm  put 
up  tor  c-ompetition  and  annuallv  pre.sented  to  the  winning 
mine  or  (jnarrv.  Necessarib .  the  c-ompetition  is  based  upon 
statistics  submitted  periodicallv  bv  each  participating  mine 
and  (juarrw  The  raw  statistics  and  the  computations  made 
from  them  are  \  ital  to  the  success  of  the  prt)gram.  W  ithout 
them,  we  would  not  know  who  were  the  winnt'rs  and  w  hat 
the  progress  of  safetv  has  been  throughout  the  vears  of  the 
competition.  But  there  is  more  to  this  competition  than 
an  admirable  statistical  rec-ord  and  it  is  that  phase  that  we 
should  not  forget. 

It  seems  almost  unthinkable  that  ini'ii  might  eot  want  to 
be  safe.  Too  often,  howex  er,  people  l(M)k  upon  the  safe  wav 
as  more  time-c-onsuming,  recjuiring  more  effort,  and  less 
exciting  than  the  cjuick  shortcut.  Something  is  needed  to 
make  the  heedless  xxorker  want  to  be  safe. 

It  is  the  power  of  an  idea  that  mo\es  men  to  be  safe 
and  prompts  them  to  adopt  the  safe  practices  that  haxe 
saved  life  and  limb.  The  svinbol  of  a  mother  and  child  has 
Wen  a  poxxerful  force  for  safetx’.  These  bronze  figures  svin- 
bolize  the  miner’s  dearest  possessions,  and  xx  e  beliex  e  tlu'v 
have  bec-ome  so  firmly  implanted  in  the  minds  of  the  (juarrv- 
men  and  miners  that  they  recall  their  homes  and  families 
at  tht‘  critical  moment.  The  svinbol  has  achieved  its  pur¬ 
pose  xvhen  it  influences  that  split-second  decision  — xx'hether 
to  take  a  chance  or  to  take  time  to  be  safe. 

A  mine  inspector  onc-e  recalled  to  us  the  last  moments  of 
a  miner  dving  of  injuries  sustained  in  a  mine  accident.  The 
dying  miner,  going  oxer  his  life  and  realizing  that  it  xvas 
finished  and  could  no  longer  be  changed,  told  the  inspector 
he  had  but  one  regret:  that  he  had  not  shoxvn  more  kindness 
and  consideration  to  his  xvife.  That  ane'cdote  illustrates  the 
power  of  the  Sentinels  of  Safetx’  svmbol. 

KecorJ  W^itliout  Equal 

Tlie  Bureau  of  Explosives  of  the  Association  of  American 
Railroads  has  reported  that  the  year  1957  xvas  again  a  vear 
in  W'hich  no  one  xvas  killed  or  injured  in  the  rail  transpor¬ 


tation  of  C.'lass  .\  c-ommercial  e.xplosix  es.  This  xvas  the  36th 
constvutix  e  x’ear  in  xvhich  no  deaths  occurred  in  this  poten- 
tiallx'  hazardous  activitv.  This  remarkable  record  of  safe 
transportation  deserx  es  our  unstinted  praise  tor  a  job  xvell 
done. 

Records  that  (K'Cui  regularly  year  after  year  are  apt  to 
seem  routine  and  commonplace,  and  attract  little  notice. 
Often  the  public  is  mort-  than  a  little  inelined  to  feel  that 
these  xears  of  no  accidents  “just  happen.”  But  xve  need  onlv 
look  at  the  record  of  the  transportation  of  expkisives  in  some 
other  countries,  and  it  becomes  plain  that  explosions  can 
and  do  happen  on  railroads,  and  that  the  life  and  propertv 
losses  are  colossal,  .\ccidents  max  just  happen,  but  a  long- 
continued,  unblemished  safetx’  rec-ord  takes  a  lot  of  doing. 

The  report  of  the  bureau  recounts  the  historv  of  this 
effort  since  its  inception  in  1905.  Through  the  vears,  the 
yt  arix  tonnage  of  explosix  es  shippt'd  has  more  than  doubled. 
The  bureau,  originallv  established  to  cover  onlv  explosives, 
xxas  expanded  to  include  flammable  litpiids  and  solids, 
oxidizing  materials,  c-orrosixe  licpiids,  c-ompressed  gases, 
poisons,  and  radioactix  e  materials.  In  fact,  the  list  of  danger¬ 
ous  articles  in  transportation,  xvhich  stood  at  184  in  1922, 
now  includes  approximately  1.300  items.  “The  tonnages  of 
manx-  of  these  indix  idnal  items  presentiv  being  shipped  far 
exceeds  the  (juantities  transported  in  previous  years,  xet 
there  has  been  no  corri-sponding  increase  in  loss  of  life 
resulting  from  their  transportation,  and  the  nominal  increase 
in  propertx’  loss  that  has  been  experienced  has  been  due 
to  inflationarx’  conditions  rather  than  anx’  increa.se  in  actual 
loss,”  sax’s  the  report. 

The  bureau  recounts  the  actix  ities  of  its  people  ox  er  the 
year  in  inspecting  explosix  es,  and  containers  made  for  their 
shipment,  their  assistanc-e  in  the  development  of  satisfactorv 
containers  .md  xvavs  of  blocking  and  bracing  these  dan¬ 
gerous  articles  for  tran.sportation.  Conferenc-es  xx-ere  held 
xx’itli  shippers  and  container  manufacturers,  and  inspections 
made  of  railroad  stations  and  x-ards.  Nexv  e.xplosix  es  and 
devices,  such  as  solid  and  liquid  propellant  fuels,  and  initi¬ 
ating,  control,  and  release  dex  ices,  xxere  examined,  tested, 
and  approx  ed. 

Truly  this  is  a  record  of  cooperation  betxveen  all  c-on- 
cerned  in  the  transportation  of  dangerous  articles  on  the 
railroads  of  the  nation.  It  is  a  remarkable  record  of  care, 
of  painstaking  progress,  and  of  infinite  patience  dex  oted  to 
the  one  end:  the  protection  of  life  and  propertv  through 
the  safe  tran.sportation  of  dangerous  articles.  The  bureau 
richlv  deserx  es  our  thanks. 
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BLAST:  The  nation’s  largest  mining  blast  at  the  Peter  Mitchell  Mine  shows  an  unusual  columnar  shape. 


Largest  Op  en-  Pit  Blast 
o  n  R  eeord 

R  eserve  M  inin^  Company  cuts  cost  of  mining  and  milling  as  028,983  lb. 
of  explosives  brin^  down  1,140,133  lon^  tons  of  taconite 

WILLIS  E.  HANSOM*’ 

I'A  billion  tons  of  magnetic  taconite  run  into  the  billions  of  tons,  ha\e  been 
averaging  24.19'i  magnetic  iron,  prob-  ilespised  and  largely  ignor*‘d  b\-  the 
ably  enough  to  keep  the  Reserve  Min-  miners  seeking  food  for  Ameriea’s  blast 
ing  Company  going  at  its  present  rate  furnaces  to  the  sonth.  few  Noices, 
for  over  1(X)  vears.  notabb'  that  of  F].  \\  .  Davis,  then  a  pro- 

This  taconite  has  lain  in  the  Minne-  fessor  at  the  Unixersity  of  Minnesota, 
sota  hills  thronghont  the  decades  that  prophesied  that  some  day  taconite 
the  American  iron-mining  indnstrx’  has  wonld  come  into  its  own  and  become 
WTCsted  iron  ore  from  the  Mesabi  onr  primary  source  of  iron  ore  for 

Range,  and  the  \  ast  stretches  of  hard.  steehnaking.  The  steel  indnstrx’  for 

Hinty,  low-grade  material,  estimated  to  almost  a  centnrx-  has  rec'Ognized  the 
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The  Peter  Mitchell  Mine  of  the 
Reserxe  Mining  Company  lies  at 
the  easternmost  end  of  the  Mesabi  Iron 
Range  and  c-onsists  of  low-grade  mag¬ 
netic  taconite.  The  mineral  deposit  is 
9  miles  long,  an  average  of  2,8(X)  ft. 
wide,  and  175  ft.  deep  at  the  thickest 
part  of  its  wedge-shaped  cross  section. 
The  estimated  reserves  in  this  area  are 

“Hercules  Powder  Company 
Duluth,  Minnesota 


vast  resen’es  of  ore  in  the  taconite  de¬ 
posits,  containing  enough  to  supply  the 
nation’s  mills  for  many  years  to  come, 
but  they  ruefully  shook  their  heads 
over  the  problems  involved  in  wTcsting 
that  iron  content  from  this  hard,  almost 
diamond-like  rock.  In  the  main,  taco¬ 
nite  was  by-passed  in  the  search  for 
rich  ores  requiring  l'.!ss  milling. 

I^st  August  25,  however,  the  Ke- 
ser\'e  Mining  Company  at  Babbitt. 
Minnesota,  detonated  a  blast  that  was 
epoch-making  for  several  reasons.  It 
was,  for  one  thing,  the  largest  open- 
pit  blast  in  the  history  of  the  iron 
ranges.  This  blast  consumed  628,985 
lb.  of  explosives  in  bringing  dov\ni 
1,140,135  long  tons  of  tawnite.  Vet  this 
blast  was  spectacular  in  other,  and 
more  significant,  ways. 

Dr.  Davis,  now  retired  from  his  post 
at  the  University  of  Minnesota,  a  .spec¬ 
tator  at  the  blast,  declared  afterward 
that  the  magnitude  of  the  blast  is  the 
most  significant  development  in  the 
progress  in  iron  mining  since  the  prin¬ 
ciples  of  taconite  conc't'iitration  were 
developed  in  the  laboratories  of  the 
University  of  Minnesota. 

Unique  Jet-Piercer  Succeeds 

The  difficulties  in  the  wav  of  the 
successful  mining  of  taconite,  however. 


appeared  to  be  almost  insurmountable. 
First  of  all.  it  is  a  low-grade  material, 
running  around  25%  iron  content, 
the  tiny  iron-ore  particles  sprinkled 
through  the  rock.  It  is  so  hard,  one  of 
the  hardest  rocks  known,  that  conven¬ 
tional  drills,  such  as  those  ordinarily 
used  on  the  iron  ranges,  were  almost 
useless  against  it.  The  best  drills  cnuld 
put  down  holes  at  onlv  1  ft.  an  hour, 
making  drilling  costs  prohibitive.  This 
obstacle,  howe\  er,  was  overcame  with 
the  development  of  the  jet-pierevr,  a 
rotating  flame  throvver  that  “burned” 
holes  in  the  rock. 

To  product'  the  blast  hole,  jet  pierc¬ 
ing  utilizes  thermal  energv.  It  is  a 
complicated  flame  thrower  that  pro- 
dut'es  a  tailored  flame  bv  a  rocket-tv’pe 
triple-orifice  burner.  It  burns  liquid 
o.wgen  and  fuel  oil  and  creates  heat 
of  4300°F.  The  flame  strikes  the  rock 
and  the  intense  heat  causes  a  thin  sur¬ 
face  layer  to  e.xpand  and  break  away 
as  a  result  of  thermally  induced 
stresses.  The  action  of  the  jets  blows 
the  spalled  rock  out  of  the  path  of  the 
flame  and  e.xposes  fresh  surface  to  the 
flame.  Fusion  will  occur  in  broken  rock 
or  where  the  iron  hand  is  thick,  but 
depth  of  melt  is  shallow  and  is  blown 
away,  quenched  and  embrittled  bv  the 
steam  and  water,  or  broken  up  if  neces¬ 


sary  by  the  hole  sizer  and  easily 
ejected.  Water  acts  as  a  coblant  and 
preserv'es  the  combustion  chamber, 
being  discharged  near  the  bottom  of 
the  hole  where  it  (juenches  and  embrit¬ 
tles  any  material  that  may  have  been 
fused  by  flame.  The  waste  heat  in  the 
combustion  produc'cs  steam  from  a 
large  portion  of  the  water,  which  aids 
in  ejecting  the  spallings  continuously 
from  the  hole. 

The  jet-piercing  machine,  mounted 
on  a  crawler-tx’pe  tractor,  is  equipped 
with  a  64-ft.  mast  from  which  is  sus¬ 
pended  a  55-ft.  blow  pipe.  The  blow 
pipe  consists  of  a  swing  joint,  kelly, 
and  burner  assembly.  Oxygen,  water, 
and  fuel  oil  are  introduced  into  the 
rotating  blow  pipe  through  the  swing 
joint.  The  kelly  is  a  round  triple-fluted 
pipe,  which  is  rotated  by  an  18-in.  turn¬ 
table  located  approximately  3  ft.  above 
the  ground.  O.xygen  and  fuel  oil  are 
carried  through  different-diameter 
tubes  on  the  inside  bore  of  the  kelly  to 
the  burner  assembly.  VN’ater  is  brought 
to  the  burner  in  the  remaining  space 
inside  the  kelly. 

For  safetv,  the  gas-  and  steam-re- 
moxal  system  has  been  isolated  from 
the  main  cab  to  prevent  fume  leakage 
into  the  machine.  The  cab  also  has 
been  sealed  against  fumes,  and  fresh 


LOADING:  A  .35-lb.  cartridge  of  semigelatin  dynamite  primed  with  an  TNT:  Pouring  lii.  P.  I. 58  pelletized  TNT  to  fill  the  voids  around  the 
XC-45  booster  and  wire-countered  Primacord  is  lowered  into  the  hole.  semigelatin  cartridges  in  the  bottom  chamber. 
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DRILLING  PATTERN:  Sketch  of  the  largest  open-pit  blast  in  the  histors-  of  the  iron  ranges,  at  the  Peter  Mitchell  Mine,  Babbitt,  Minnesota, 
fired  August  25.  Crosses  indicate  1 7-niillisecond  connectors.  The  lower  and  right-hand  sides  were  open  faces,  and  the  point  of  initiation  is 

indicated  in  lower  right-hand  comer. 


air  is  brought  into  the  cab  through  a 
pipe  from  high  on  the  mast.  Electro¬ 
mechanical  interlocks  shut  off  the  bur¬ 
ner  flame  instantly  if  there  is  waterflow 
failure.  0.\ygen  flow  through  the  blow 
pipe  cannot  be  initiated  without  water 
flowing  at  a  rate  above  a  safe  minimum. 
Fuel  and  oxygen  piping  and  hose  are 
of  different  size  in  order  to  prevent 


interconnecting  of  the  two  lines. 

Taconite  is  hard  and  spallable, 
which  makes  it  possible  for  a  piercing 
machine  to  burn  a  6/*-in.-minimum- 
diameter  hole  at  the  rate  of  as  high  as 
35  ft.  per  hour  to  a  maxinnim  depth 
of  50  ft.  A  hole  may  be  enlarged  or 
chambered  with  ease  at  any  point 
where  it  mav  be  desired  to  concentrate 


more  explosives.  Ihe  rate  or  penetra¬ 
tion  varies  because  drilling  must  be 
done  where  blasting  has  produc-ed 
backbreak,  through  bedding  and  joint 
planes,  and,  also,  because  the  rock  is 
not  uniform  but  is  made  up  of  alternate 
bands,  rich  in  magnetite,  or  in  silica. 

.\11  blast  holes  for  the  big  blast  were 
put  down  with  Linde-Air  jet-pierc'ers 
produced  by  Buc\Tus-Erie  using  6'2-in. 
hole  sizers.  The  overall  a\erage  per 
piercer  was  133  ft.  of  hole  per  shift,  or 
16.63  ft.  per  hour.  Thorough  cleaning 
of  the  rock  surface  during  stripping 
operations  has  made  it  possible  to  in¬ 
crease  burning  time  of  all  piercers  to 


Oxygen  was  used  at  the  rate  of  550 
cu.  ft.  per  foot  of  hole  and  was  de- 
li\  ered  to  the  piercers  in  cascade  trail¬ 
ers  ha\ing  a  capacity  of  70,0(K)  cu.  ft., 
sufficient  for  one  operating  shift.  Fuel 
oil  consumption  was  at  the  rate  of  2 
gal.  per  foot  of  hole.  Water  was  de¬ 
livered  to  the  piercers  by  water  trucks 
and  pumped  into  4,S(Kl-gal.  water 
wagons,  one  per  piercer.  These  water 
wagons  are  insulated  and  ecjuipped 
with  immersion  heaters  for  winter 
operations.  Water  was  consumed  at 
the  rate  of  1,(MK)  gal.  per  burning  hour. 

Primary  drilling  requirements  for 
Reserve’s  15,()(K),000-ton-per-vear  taco¬ 
nite  operation  are  hantlled  bv  tour  jet¬ 
piercing  machines  operating  20  shifts 
per  week.  Labor  recjuirements  are  11 


STEMMING:  Spalled  fragments  from  the  jet-piercing  operation  were  used  to  stem  the  top  4  ft. 

of  the  blast  holes. 
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single-row  blasts  were  settled  upon  as 
the  pattern. 

One  faetor  eontributing  to  poor  frag¬ 
mentation  was  the  pronounced  bed¬ 
ding  and  joint  planes  at  or  near  the 
surface,  planes  of  weakness  along 
which  the  rock  tends  to  break  into 
large  tabular  blocks  that  rode  out  un¬ 
broken  on  top  of  the  blast.  To  help 
eliminate  this  problem  small  l/*-in.  sat¬ 
ellite  holes  were  pierced  around  the 
large  blast  holes.  These  holes  were 
loaded,  tied  in,  and  shot  with  the  main 
blast. 

When  production  requirements  at 
the  mine  were  increased  from  1,0(X),{XX) 
tons  a  year  to  15,(XK),()0()  tons  in  19.56, 
however,  single-row  blasts  with  the 
resulting  low  muck  piles,  and  frequent 
moving  out  of  equipment  with  its  at¬ 
tendant  lost  time,  required  a  new  drill¬ 
ing  and  blasting  pattern. 


New  Drilling  System 

To  meet  these  greatly  increased  de¬ 
mands  for  ore  a  completely  new  drill¬ 
ing  system  was  put  into  practice.  Bo.\ 
cuts  at  about  2.4(X)-ft.  intervals  were 
de\  eloped  along  the  sides  of  the  initial 
or  development  cut.  Mining  then  pro¬ 
ceeds  from  one  box  cut  to  the  next, 
parallel  to  the  dexelopment  cut.  This 
then  allows  the  blasts  to  relieve  in  a 
direction  where  bedding  planes  have 
no  adverse  effect  in  breaking  to  grade. 
The  best  fragmentation  results  when 
firing  a  minimum  of  ten  rows.  The 
holes  are  drilled  on  a  square  pattern 
parallel  to  the  long  face,  3  ft.  below 
grade  and  the  bottom  4  ft.  are  double 
chambered.  Double  chambering  is  ac¬ 
complished  by  making  two  extra  passes 
with  the  jet-piercer  at  the  rate  of  6  in. 
per  minute.  This  provides  greater 
explosive  density  for  breakage  of  the 
rock  at  the  toe  or  to  grade.  The 
multiple-row  pattern  has  minimized 
backbreak,  thereby  reducing  frac¬ 
tured  material  in  areas  to  be  drilled  for 
succeeding  blasts. 

For  the  big  blast  of  .August  25,  drill¬ 
ing  began  in  March,  1958.  Holes  were 
laid  out  by  field  engineers  under  the 
supervision  of  the  engineering  depart¬ 
ment  of  Reserve.  The  area  blasted,  7.1 
acres,  was  pierced  with  a  total  of  794 
holes  6/2  in.  in  diameter  set  out  in  a 
quadrangle  19  rows  each  360  ft.  wide, 
and  42  rows  each  860  ft.  long.  The 
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TRIBUTE  TO  MINERS’  WIVES:  Mrs.  Robert  J.  Linney,  wife  of  the  executive  vice  president 
of  Reserve,  fired  the  big  blast  as  a  tribute  to  the  wives  of  the  Reserxe  emploses,  who  have 
given  their  husbands  encouragement  and  support,  and  who  have  shown  patienee  and  under¬ 
standing  to  their  men  as  they  pioneered  the  new  industry-. 


men  per  shift,  including  two-man 
operating  crews  per  machine  and  for 
hauling  o.xygen,  fuel  oil.  and  water.  A 
six-man  maintenance  crew  works  the 
day  shift,  seven  shifts  per  week. 

While  development  of  the  jet-piercer 
reduced  the  drilling  problem  in  taco- 
nite,  other  problems  remained  for  its 
successful  mining  and  milling.  Exca¬ 
vating,  loading,  hauling,  and  crushing 
c-osts  were  excessive,  compared  with 
that  of  the  usual  magnetite  ore  on  the 
range.  Early  in  the  taconite  operation, 
fragmentation  and  pulverization  were 


I 


total  footage  put  down  by  jet-piercers 
was  30,897  ft.  or  5.9  miles  of  holes.  The 
blast  was  laid  out  on  a  20  by  20-ft. 
square  pattern  with  average  depth  of 
38.9  ft. 

Loading  the  Explosives 

Piercing  was  completed  on  July  24, 
and  loading  began  immediately,  and 
C'ontinued,  except  for  one  week  when 
the  entire  operation  was  down,  until 
the  day  of  the  blast.  Tire  explosives 
used  were  semigelatin  dvnamite,  pelle¬ 
tized  TNT,  and  prilled  ammonium 
nitrate.  Wet  holes  were  loaded  differ¬ 
ently  from  dry  holes,  no  prills  being 
used  in  the  wet  holes. 

The  bottom  4  ft.  of  all  holes  was 
chambered.  The  loading  of  a  hole  was 

•Reg.  U.  S.  Pat.  Off.  by 
The  Ensign-Bickford  Company 


started  by  punch-priming  a  6-in.  by 
35-lb.  tapered-end  cartridge  of  E.  P. 
152  semigelatin  with  an  XC-45  booster 
and  wire-countered  Primacord.®  The 
blaster  lowered  the  primed  cartridge  to 
the  bottom  of  the  hole  on  a  rope,  and 
then  one  50-lb.  box  of  E.  P.  158  pelle¬ 
tized  TNT  was  poured  into  the  hole 
to  fill  the  void  around  the  6-in.  car¬ 
tridge  of  semigelatin.  Another  35-lb. 
semigelatin  cartridge  was  lowered  on 
top  of  the  first  and  another  50-lb.  box 
of  TNT  was  poured  around  it.  This 
was  continued  until  sLx  semigelatin 
cartridges  had  been  lowered  into  the 
hole  and  four  50-lb.  boxes  of  TNT  had 
been  poured  around  them.  By  this 
method,  additional  explosives  were 
concentrated  in  the  bottom  of  the  hole. 
The  blaster  kept  a  check  on  the  height 
of  tlie  column  by  placing  a  clothespin 


on  the  rope  and  checking  as  he  lowered 
each  cartridge  into  the  hole.  This  load¬ 
ing  in  the  chamber  permitted  the  bot¬ 
tom  4  ft.  to  be  loaded  with  a  powder 
factor  of  1.68  lb.  per  ton,  and  the  re¬ 
mainder  of  the  hole  was  then  loaded 
to  maintain  an  overall  factor  of  0.35  lb. 
per  ton. 

All  holes  were  loaded  in  the  chamber 
in  this  fashion.  Above  this  point,  load¬ 
ing  depended  upon  tlie  wetness  of  the 
hole.  In  wet  holes  loading  continued 
with  semigelatin  using  E.  P.  152  5/*-in. 
by  30-lb.  cartridges,  the  average  hole 
taking  12  more  cartridges  totaling  360 
lb.  The  load  was  brought  up  to  within 
4  ft.  of  the  collar  of  the  hole.  The  last 
cartridge  to  be  loaded  into  the  hole 
was  punch-primed  with  an  XC-45 
booster  and  wire-countered  Primac-ord. 
Thf"  e.xplosives  in  the  wet  holes  totaled 


FRAGMENTATION:  This  view,  taken  shortly  after  the  blast,  shows  the  fragmentation  obtained  in  the  taconite  and  the  absence  of  backbreak. 
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770  lb.,  consisting  of  570  lb.  of  seini- 
gelatin  and  200  lb.  of  TNT. 

There  were  203  holes  which  were 
diA’  and  were  loaded  with  aininoniiiin 
nitrate  prills.  A  25-lb.  bag  of  am¬ 
monium  nitrate  chunks,  E.  P.  201-L, 
was  first  poured  on  the  top  cartridge 
in  the  chamber  load  to  seal  off  the  hole 
and  prevent  the  prills  from  sifting 
through  into  water  that  might  have  col¬ 
lected  at  tlie  bottom  of  the  hole. 

To  load  the  prills  four  50-lb.  bags 
were  poured  into  the  hole  and  then  2)i 
gal.  of  fuel  oil,  and  this  procedure  re¬ 
peated  until  the  hole  was  loaded  to 
within  4  ft.  of  the  collar.  A  top  primer 
cartridge  of  semigelatin,  E.  P.  152,  4  in. 
bv  15  lb.,  was  punch-primed  with  an 
\C-45  booster  and  wire-countered 
plastic  Primacord  and  lowered  into  the 
hole  near  the  top  of  the  column  and 
co\ered  with  a  foot  or  two  of  prills. 
The  remainder  of  the  hole  was  stemmed 
with  drill  cuttings  from  the  surface 
near  the  hole  c'ollar.  The  explosives 
and  blasting  agents  in  the  dry  holes 
totaled  920  lb.,  consisting  of  225  lb.  of 
semigelatin,  2(K)  lb.  of  pelletized  TXT, 
25  lb.  of  ammonium  nitrate  chunks, 
and  470  lb.  of  prills. 

The  total  explosives  and  blasting 


agents  used  in  this  record  open-pit 
shot  was: 

E.  P.  152  semigelatin 

369,010  lb. 

E.  P.  158  pelletized  TXT 
E.  P.  201-L  ammonium 

1.59,250  lb. 

nitrate  chunks 

5,075  lb. 

Prills 

95,650  lb. 

Total 

"62S,9^“lb. 

Controlled  Blasting 

The  fly  rock  that  results  from  this 
method  of  loading  a  hole  would  be  a 
problem  in  a  confined  area.  The  fly 
from  the  million-ton  blast,  however, 
was  less  than  from  smaller  blasts;  very 
little  fly  was  found  beyond  500  ft. 
Equipment  was  moved  out  of  the  blast¬ 
ing  area  approximately  1,500  ft.,  and 
manpower  approximately  3,500  ft.  At 
Babbitt,  the  time  lost  in  moving  equip¬ 
ment  and  men  out  of  the  area  is  not 
great  since  the  number  of  blasts  per 
month  are  few;  but,  obviously,  the 
larger  the  blast  the  more  tonnage  that 
is  obtained  with  each  move  of  men 
and  equipment. 

.\s  the  blast  was  a  corner-block  loca¬ 
tion  having  two  open  faces  roughly  at 
right  angles  to  each  other,  a  diago¬ 


nal  tie-in  pattern  with  17-millisecond 
Primacord  connectors  for  each  interval 
was  used.  The  loading  made  use  of  57 
delay  periods,  making  a  total  elapsed 
time  of  0.97  seconds  for  the  detonation. 
This  pattern  produces  a  safe,  low- 
working  bank  and  excellent  fragmen¬ 
tation. 

The  new  drilling-and-blasting  pat¬ 
tern  has  produced  the  results  that  were 
hoped  for.  E.xperience  indicates  that 
the  larger  the  blast,  the  better  the  frag¬ 
mentation.  In  fact,  fragmentation  on 
the  big  blast  of  August  25  reached  an 
ax  erage  of  99%  usable  fragments,  leav¬ 
ing  less  than  1%  for  secondary  work. 
Over  50?  of  all  broken  rock  is  minus 
3/*  in.  in  size.  With  results  such  as  this, 
half  of  tlie  ore  can  be  screened  and 
shipped  direct  to  Silver  Bay,  thus 
doubling  the  throughput  of  the  crusher. 

This  fragmentation  has  increased 
the  life  of  the  shovel  buckets  300?  be- 
twi'en  rebuilds,  the  life  of  the  dipper 
teeth  from  12,0(K)  tons  per  set  to  31,000 


tons  per  set.  The  loading  efficiency  of 
the  shovels  has  improved  91%.  The  life 
of  the  concaves  and  mantle  in  the  pri¬ 
mary  crusher  has  improved  70%. 

Progressively  larger  and  larger  blasts 
had  been  shot  before  the  .\ugust  25 
blast,  which  was  designed  to  bring 
down  more  than  a  million  long  tons 
of  ore. 

The  million-ton  blast  is  the  final  de¬ 
velopment  in  a  succession  of  steps  for¬ 
ward  in  the  solution  of  the  utilization 
of  taconite.  Considering  the  vast  re- 
serxes  of  this  material,  the  billions  of 
tons  readily  available  in  Minnesota,  the 
significance  of  the  results  obtained  by 
the  Reserxe  Mining  Company  at  Bab¬ 
bitt  on  August  25  is  far-reaching  for 
the  American  iron  and  stt^el  industrv. 

Editors  Note:  Much  of  the  material 
for  this  article  was  obtained  from  a 
paper  presented  at  the  American  Min¬ 
ing  Congress  in  San  Francisco,  Sep¬ 
tember,  1958,  by  a  mining  engineer 
from  Reserve  Mining  Company. 


JOB  FOREMEN:  Blasting  foremen  for  the  job  were,  left  to  right,  Martin  Starkovich,  Michael 
Evenocheck,  and  Michael  Pavlovich. 
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Driving  tlie  Clear  CreeW  Tunnel 

The  20-f oot-JSameter  tunnel,  one  of  the  major  parts  of  the  Trinity 
River  Project,  will  he  nearly  11  miles  lon^  when  eompleteJ 

ROBERT  LEE  BEHME* 

SINCE  man  first  explored  it,  in  1830.  mountain  lions,  and  game  birds.  Along  plants,  several  new  highways  and 

word  of  mouth  has  kept  Califor-  the  mountain  slopes  some  of  the  \VeL>t’s  bridges,  a  fish  hatchery,  and  five  man- 

nia’s  rangy,  rugged  Trinity  County  the  biggest  trout  work  toward  lowland  made  lakes. 

State’s  top-rated  hunting  paradise.  streams.  Although  these  will  change  the  Trin- 

Rich  with  the  history  of  early-Califor-  For  numberless  years  this  has  been  ity  area,  they  will  not  alter  its  way  of 

nia  gold  seekers,  snow-capped  moun-  California’s  most  rugged  frontier— a  life.  There  will  be  new  hunting  lands 

tains  that  once  echoed  to  the  hammers  lush,  heavily  forested  land  rich  in  min-  to  replace  lands  to  be  buried  under 

of  the  49’ers  now  tower  silentlv  over  eral  and  water.  It  is  because  of  the  acres  of  new  lakes,  just  as  there  will  he 

forests  filled  with  animals— deer,  bear,  water  that  the  face  of  the  land  is  now  new  camping  grounds  and  new  recre- 

„  .  changing.  By  1963  there  will  be  five  ation  areas.  Recreation  and  conserx  a- 

•24504  Hypenon  .\venue  iii  i,, 

Los  .\ngeles,  California  gigantic  dams,  tour  hydroelectric  tion  experts  predict  that  these  changes 


INT.AKE  HEADING:  Progress  on  headings  has  been  rapid,  averaging  40  to  50  ft.  per  day  despite  the  fact  that  geological  surveys  were  unable 

to  accurately  forecast  exact  conditions  to  be  met  along  the  line  of  the  tunnel. 
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will  spur  a  new  popularity  at  Trinity. 
\'ast  Project 

Although  ail  estimat'd  $225  million 
will  be  spent  to  change  the  Trinity 
countiy%  the  impro\ements  in  recrea¬ 
tion  are  but  a  part  of  the  basic  idea. 
The  scyipe  is  much  larger.  The  Trinity’ 
de\elopment  is  part  of  the  United 
States  Bureau  of  Reclamation’s  gigan¬ 
tic  California  Central  Valley  Project,  a 
staggering  agricultural  reorganization 
that  will  eventually  reroute  northern 
California  water  throughout  the  State, 
now  sjH*eding  badly  needed  irrigation 
water  to  the  dry  lands  near  Sacramento 
and  Fresno,  and,  later,  to  feed  drinking 


water  to  Los  .\ngeles,  200  miles  farther 
south.  In  addition,  it  will  furnish  an 
influ.\  of  new  hydroelectric  power  for 
the  entire  West. 

From  any  angle,  the  heart  of  the 
Trinity  dream  is  w'ater,  and  the  water 
comes  from  the  Trinity  Ri\er.  Now' 
little  used,  it  will  soon  find  a  useful 
route.  It  will  be  first  stored  in  the 
2,500, 000-acre-f(x)t  Trinity  Reser\'oir 
bt'hind  the  yet-to-be-completed  Trin- 
it\’  Dam.  When  it  is  finished,  in  1963. 
the  dam  w'ill  be  the  w'orld’s  largest 
earth-filled  dam. 

\N’ater  released  from  this  reservoir 
will  be  utilized  by  a  96,000-kw.  power 
plant  at  the  Trinitv’  Dam.  Then  it  w  ill 


DRILLING  .\T  THE  F.\CE:  The  three-tiered  jumho  is  equipped  with  Gardner-Denver 
Model  9.3  waterliners  mounted  on  hydraulic  jihs.  Here  is  shown  a  closeup  of  the  lower  drilling 
platforms  as  the  crew  is  about  to  start  a  new  heading. 


be  regulated  in  the  Lewiston  Reser¬ 
voir,  about  7  miles  downstream,  close 
to  the  small  mountain  town  of  Lewis¬ 
ton.  The  Lewiston  Dam  will  route  the 
water  through  a  series  of  outlets,  im¬ 
mediately  releasing  enough  to  meet 
downstream  needs,  including  those  of 
the  $1,350,000  fish  hatchery  that  w'ill 
be  built  close  to  the  dow'nstream  side 
of  the  dam. 

The  unused  water  w'ill  be  diverted 
through  the  Clear  CrtH'k  Tunnel. 
Flowing  under  the  rocky  slopes  of  the 
Buckhorn  Mountains,  this  water  will 
reach  a  130.000-kw.  power  plant  on 
Clear  Creek,  a  tributary’  of  the  Sacra¬ 
mento  River,  some  II  miles  .south  of 

1.. ewiston. 

From  this  point,  the  yvater  will  flow 
into  the  250,000-acre-foot  MTiiskev- 
town  Reservoir  on  Clear  Creek.  Tliere, 
the  surplus  passes  through  adjacent 
creeks,  such  as  Spring  Creek,  to  the 

71.. 500-kw.  power  plant  at  Spring 
Creek  and  on  to  Keswick  Reservoir  on 
the  Sacramento  River.  Experts  now 
claim  this  network  will  yield  1,422,(XX) 
acre-feet  of  water  per  year— enough  to 
be  of  major  importance  to  bu.sv  farm 
lands  .south  of  Sacramento. 


Clear  Creek  Tunnel 

One  of  the  biggest  jobs  on  the  Trin¬ 
ity  River  Project  is  the  Clear  Creek 
Tunnel.  When  completed,  the  tunnel 
will  be  close  to  11  miles  long,  20  ft.  in 
diameter,  and  concrete-lined  through¬ 
out  its  length. 

The  contract  for  the  tunnel  excava¬ 
tion  and  lining  was  awarded  to  Shea- 
Kai.ser-Morrison  — a  firm  composed  of 
The  Shea  ("ompanv,  Henrv  J.  Kai.ser, 
Morrison- Knudsen  Company,  Macco 
Corporation,  and  the  Raymond  Con¬ 
crete  Pile  Company.  SKM  began  work 
in  .April,  1957,  and  the  scheduled  com¬ 
pletion  date  is  .April,  1961.  In  the 
meantime,  SKM  crews  face  11  miles  of 
tunnel,  approximately’  700.000  cu.  vd. 
of  solid  rock  excavation,  minimal  9-in. 
concrete  lining  for  the  entire  length, 
construction  of  the  intake  structure, 
and  excavation  and  lining  of  the  surge 
chamber. 
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Rock  of  Unknown  Quality 

Although  work  has  been  moving 
steadily,  often  ahead  of  schedule,  at 
the  rate  of  40  to  .50  ft.  per  day  on 
all  headings,  the  progress  is  amazing 
because  the  job  has  been  without 
precedent  in  Trinity.  Even  the  initial 
bidding  was  unprecedented  because 
of  the  unknown  quality  of  the  rock 
through  which  the  tunnel  was  to  go. 
The  general  structure— quartz  diorite 
(85%),  and  bragdon  (5%),  and  meta¬ 
andesite  ( 10^)  —  was  known,  but  there 
had  been  no  large  tunnels  in  the  Trin- 
itv  area  before  the  Clear  Creek  job. 
E\  en  the  geological  surveys  were  un¬ 
able  to  accuratelv  forecast  e.xact  tun¬ 
nel  conditions. 

The  uncertainty  meant  that  SKM 
crews  were  faced  with  a  "take  what 
you  find”  job  from  the  beginning.  To 
minimize  the  unknown,  SKM  set  up 
field  offices  close  to  both  ends  of  the 
tunnel.  In  the  high  Trinity  Mountains 
shipments  from  one  point  to  another 
are  not  easily  arranged.  The  inlet  of 
the  tunnel  is  about  42  highwav  miles 
from  Redding,  the  nearest  railhead, 
while  the  outlet  is  but  1 1  miles  north¬ 
east  of  Redding.  This  great  trans¬ 
portation  differential  on  an  11-mile 
tunnel  is  accounted  for  by  the  twisting, 
back-tracking  highwav  that  links  Lew¬ 
iston  to  Redding. 

Tlie  main  SK.M  field  office  is  housed 
in  a  large  Quonset  hut,  off  the  main 
highway,  a  short  distance  from  the  out¬ 
let.  \  secondarv  office  has  been  set  up 
at  Lewiston.  It  has  complete  facilities 
including  repair  shops,  rail  lines,  hos¬ 
pital,  lumber  mill,  welding  shop,  sup¬ 
ply  room,  and  field  offices.  The  unit  is 
fitted  into  a  flat  section  of  land  cut  into 
the  side  of  the  mountain,  on  the  banks 
of  the  roaring  Trinitv  River. 

Outlet  Started  First 

Work  was  first  begun  on  the  outlet, 
and  in  order  to  speed  up  the  operation 
an  adit  approximately  800  ft.  in  area 
was  driven  2^2  miles  from  the  actual 
outlet.  The  adit  and  some  750  sq.  ft. 
upstream  and  downstream  were  exca¬ 
vated  with  a  truck  jumbo,  Dumpvs, 
and  an  Eimco  #105  overhead  loader. 


EXTR.\  SUPPORT:  When  aii.\iliar>'  boardiiiR  is  necessary,  and  it  frequently  has  been  because 
of  the  faulty  nature  of  the  rock,  it  is  installed  before  resuming  work  at  the  heading.  This 
protects  the  drilling  crew  from  injury  from  falling  rock. 


SKM  crews  found  this  method  of  pene¬ 
tration  was  extremely  effective  up  to  a 
distance  of  3,000  ft.,  and  it  was  used 
at  the  outlet  as  well. 

With  the  completion  of  the  pri¬ 
mary  excavations  at  the  outlet  portion, 
SKM  changed  to  a  more  conventional 
method  of  excavation  on  all  headings. 
Even  under  conventional  operations, 
the  methods  had  to  be  varied  to  meet 
the  conditions. 

The  first  6,000  ft.  of  the  upstream 
adit  proved  to  be  very  hard  and  solid 
rock.  Later,  a  decomposed  granite  was 
encountered  with  little  o\  erburden.  In 
this  area,  the  ground  had  a  tendency  to 
squeeze  and  take  weight.  The  steel 


supports,  used  to  edge  the  tunnel,  had 
to  be  changed.  .\  heavier  steel  (8  in.) 
supporting  was  designed  to  counteract 
this.  In  general,  the  rock  is  a  quartz 
diorite  which  made  it  nece.ssary  to 
drive  a  top  heading  and  solid  breast 
boarding  in  most  of  the  softer  sections. 
Here,  three  crews  a\  erage  aboiit  48  ft. 
per  day. 

.\t  the  outlet,  the  rock  up  to  about 
5,000  ft.  has  been  xery  soft  and  sup¬ 
plies  no  struchiral  support.  SKM  again 
took  precautionaiy'  steps  such  as  breast 
boarding  to  save  the  heading.  Struc¬ 
tural  steel  has  been  u.sed  in  this  area, 
\xith  an  average  spacing  of  3-ft.  cen¬ 
ters.  Rock  has  proved  \  ariable:  300  ft. 
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SAFETY  FIRST:  To  avoid  any  stray  current  which  might  cause  a  premature  blast,  the  electrical  current  is  turned  off  during  loading  operations. 
Illumination  at  the  face  is  then  supplied  by  auxiliary  lights  mounted  on  and  powered  by  a  Plymouth  Diesel  locomotive. 


Rovillite;  1.500  ft.  diorite;  800  ft.  gneis- 
sic  zone.  The  heading  is  carried  for¬ 
ward  at  the  rate  of  about  32  ft.  per  day 
on  three  shifts.  All  headings  have 
worked  three  shifts. 

The  intake  also  proved  to  have  a 
variable  formation.  soft,  block  green¬ 
stone  was  encountered  for  the  first 
3,000  ft.,  necessitating  a  lot  of  steel  sup¬ 
port.  A  soft,  finely  fractured  bragdon 
was  encountered  next,  and  this  area 
had  no  structural  support  or  stability. 
Tightly  spaced  supports,  on  2-  or  3-ft. 
centers,  were  needed,  especially  in  a 
badly  faulted  400-ft.  section.  Occa¬ 
sionally  it  has  been  necessary  to  drive  a 
top  heading  and  breast  boarding,  and 
to  fit  solid  spile  to  prevent  caving.  Past 
this  section  crews  found  the  quartz- 
diorite  formations  again.  Here  the 


section  w'as  hard  and  tight.  Fewer 
structural  supports  were  required  and 
those  used  were  fitted  on  wider  centers. 
The  formations  are  as  follows:  300  ft. 
metaandesite;  4.(XX)  ft.  bragdon;  1,000 
ft.  gneissic  zone;  and  the  remainder 
quartz-diorite.  Average  progress  here 
is  40  ft.  a  day. 

Working  Two  Headings 

Work  has  been  reduced  to  two  head¬ 
ings  now,  with  a  typical  work  cycle 
being  the  one  used  on  the  intake  tun¬ 
nel  under  the  direction  of  Harry  Gre- 
shuk,  superintendent.  Here,  a  work 
cycle  begins  as  the  gantry  jumbo, 
equipped  with  cherry  pickers  and 
seven  waterliners  with  hydraulic  jibs, 
moves  over  special  rails  to  the  face. 
Drilling  rigs,  Gardner-Denver  Model 


93  waterliners  with  hydraulic  jibs,  are 
pushed  out  to  the  face  from  two  plat¬ 
form  levels  and  drilling  crews  pre¬ 
pare  the  shot  holes.  In  cases  where  the 
face  is  brittle,  drillers  will  work  off 
loose  sections  of  the  facing  before 
making  the  holes.  Grews  use  Joy  IJi- 
in.-round  drill  steel  and  l?i-  or  1%-in. 
detachable  Cormant  bits. 

The  air  is  piped  into  the  tunnel  from 
Westinghouse  Model  XLE  air  com¬ 
pressors  outside  the  tunnel.  These  have 
an  850-cu.-ft.-per-minute  capacity  and 
supply  100-  to  120-lb.  pressure  with 
complete  safety.  Generally,  the  crews 
drill  IS-in.  holes  at  depths  between  4 
and  8  ft.  on  2-ft.  centers. 

When  the  drilling  is  completed,  the 
rigs  are  folded  back  to  the  jumbo  and 
a  12-  or  13-ton  Plymouth  Diesel  motor. 
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equipped  with  scrubbers,  pulls  the 
jumbo  back  from  the  face.  A  separate 
explosives  car  then  moves  to  the  face, 
all  electric  current  is  turned  off,  and 
explosives  crews  load  the  heading. 

Typical  Tunnel  Round 

SKM  uses  60?  gelatin  dynamite  and 
Gelamite®  2,  with  60?  gelatin  for 
primers.  Two  lengths  of  dynamite 
cartridges  are  used:  8  by  Ds-in.  primers 
and  12  bv  1/i-in.  for  Gelamite  2.  The 
charge  is  placed  in  the  bore  holes  by 
the  explosives  crew  under  the  super¬ 
vision  of  either  the  tunnel  superintend¬ 
ent  or  the  walker.  On  an  average  8-ft. 
round,  there  are  ten  cartridges  of  ex¬ 
plosives  in  each  lifter  hole,  while  the 
relievers  contain  four  cartridges.  These 
are  tamped  after  each  two  cartridges 
with  a  12-ft.  wooden  tamping  pole.  On 
this  job  it  takes  3  lb.  of  explosives  to 
break  1  cu.  yd.  of  material. 

Once  the  wiring  has  been  com¬ 
pleted,  the  face  is  cleared  of  the  blast¬ 
ing  crew  and  the  powder  train  is 
mo\ed  out  of  the  tunnel.  Detonation 
is  made  with  a  direct  4-40-volt  line 
mounted  on  the  left  side  of  the  tunnel 
away  from  the  normal  lighting  wires. 
The  440  line  is  wire'd  to  a  shooting 
switch  800  to  1,0(K)  vd.  from  the  head¬ 
ing.  \\’hen  the  heading  has  been 
checked  for  workmen,  the  walker  con¬ 
nects  the  first  section  of  the  safety  line. 
As  the  walker  makes  his  way  to  the 
shooting  switch,  he  again  checks  the 
tunnel  for  stragglers.  .\t  the  60-amp. 
switch,  the  line  is  connected.  The  line 
is  ecjuipped  with  a  safety  switch  which 
is  connected  just  before  detonation, 
then  disconnected  after  the  blast  is 
made. 

Mucking 

In  the  majority'  of  shots,  this  system 
pulverizes  rock  sufficiently  for  innnedi- 
ate  mucking.  In  rare  stretches  of 
harder  rock,  it  has  been  necessary  to 
plug  boulders.  These  have  often  had 
holes  in  them,  making  them  easy  to 
load  and  reshoot. 

Once  the  heading  is  blasted,  a  #100 
Gonway  mucker  moves  past  the  jumbo 
to  the  facing.  A  line  of  10-yd.  dump 


FIRING  SWITCH:  Only  after  the  blasting  crew  has  reached  a  place  of  safety,  and  the  entire 
distance  between  the  face  and  the  firing  switch  has  been  checked  for  stragglers  is  the  final 
connection  made  in  the  blasting  circuit.  The  firing  switch  is  at  least  800  yd.  from  the  face. 


L.WTNG  TR.\CK:  .\  factor  in  the  excellent  progress  being  made  is  tbe  speed  with  which 
mucking  and  drilling  equipment  is  able  to  return  to  the  face  and  work.  Laying  track  as  soon 
as  the  face  clears  after  a  blast  aids  in  getting  this  equipment  in  working  position  quickly. 


cars  is  pushed  into  position  bv  one  of 
the  several  Plymouth  engines  on  the 
job.  The  empty  cars  move  past  the 
jumbo  to  the  rear  of  the  mucker,  where 
they  are  loaded  by  a  conveyor  belt. 


•As  a  car  is  filled,  the  Diesel  pulls  the 
full  car  back  to  the  jumbo  where  it  is 
lifted  above  the  track.  The  Diesel  then 
pushes  the  next  empty  to  the  mucker, 
unhooks,  and  waits  until  the  jumbo 
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drops  the  full  car  behind  the  forward 
empty  cars.  The  process  is  repeated 
until  the  cars  are  filled  or  until  the 
facing  has  been  thoroughly  mucked. 
The  rail  cars  are  then  hauled  outside 
the  tunnel  to  the  banks  of  the  Trinit\’ 
where  they  are  emptit*tl.  It  is  not  ne- 
eessar\’  to  fill  in  an  exact  area  since 
the  entire  fill  depot  will  1h>  under  many 
feet  of  water. 

With  the  face  clear,  crews  move  in 
once  again.  They  carrx'  the  steel  sup¬ 
ports  to  the  face,  move  them  into  po¬ 
sition.  Simultaneous  with  this,  other 
sections  of  the  crew  are  laying  rails  to 
the  new  face  so  that  the  jumlw  and 
muckers  can  move  in.  When  the  jumbo 
is  moved  in,  the  steel  supports  are 


swung  into  position  and  bolted  at  the 
top. 

But,  before  the  jumbo  can  move  to¬ 
ward  the  new  heading,  tunnel  crews 
must  lay  txs’O  sections  of  rail.  A  Cali¬ 
fornia  switch  is  carried  about  600  ft. 
from  the  heading,  and  is  moved  into 
a  new  position  whenever  necessar)’. 
There  are  run-arounds  every  4,000  yd. 
to  speed  up  two-way  train  traffic,  since 
trains  pass  in  and  out  of  the  tunnel  reg¬ 
ularly  with  lumber,  steel  supports,  ex- 
plosix  es,  and  special  equipment. 

SKM  uses  36-in.  60-lb.  mainline  and 
an  8-ft.  2-in.  gantrx'  rail  for  the  jumbo. 
The  gantrx'  is  kept  within  30  ft.  of  the 
facing  at  all  times.  The  mucker  rides 
on  the  mainline  and  is  towed  back  to 


the  switch  when  it  is  not  in  actual  use. 

When  both  rail  systems  are  in  posi¬ 
tion  and  the  crews  have  connected  the 
supports,  they  add  whatever  auxiliaiy- 
boarding  may  be  necessary.  They  are 
then  ready  for  a  new  cycle. 

Little  Water  Encountered 

Maintenance  in  the  tunnel  is  both 
easy  and  fast.  There  is  very  little 
water;  howexer,  when  water  does  col¬ 
lect,  it  is  pumped  away  from  the  face 
into  troughs  along  the  side  of  the  tun¬ 
nel  where  it  can  flow  out  of  the  hole 
and  into  the  Trinitx’.  In  cases  where 
the  water  affects  the  mainline  traek 
a  shoxel  crew  mo\es  in,  channels  the 
water  away  from  the  track,  and  blows 
the  surface  drx’  with  an  air  gun.  Con¬ 
stant  maintenance  is  the  rule  on  the 
mainline,  and  all  rail  equipment,  the 
mucker,  and  the  jumbo  receive  regular 
lubrications.  The  rail  equipment  is 
maintained  in  the  rail  shop,  a  quarter 
of  a  mile  from  the  tunnel,  but  the 
mucker  and  jumbos  are  lubricated  in 
the  tunnel. 

When  the  work  began,  the  excax  a- 
tion  was  mushrooming  on  four  head¬ 
ings:  the  outlet,  the  adit  downstream, 
the  adit  upstream,  and  the  inlet.  Now 
that  crews  ha\e  made  good  headway 
the  work  has  been  dropperl  to  two 
headings.  These  work  three  shifts,  six 
days  a  week.  There  are  two  separate 
offices  for  these  crews,  with  headquar¬ 
ters  for  each  close  to  tunnel  ends. 

Personnel 

The  work  is  under  the  direct  super- 
\  ision  of  John  Shea,  project  manager. 
His  offices  are  in  Whiskevtowm.  Harrv 
Greshuk  is  inlet  superintendent  and 
Mike  Royce  is  outlet  superintendent. 
Glen  Meers  is  project  engineer;  Jim 
Springer  is  electrical  superintendent; 
Lt‘e  Garett,  mechanical  superintend¬ 
ent;  and  Jack  Garner  is  the  main  office 
manager  at  Alhambra,  California. 
Roger  Williams  is  field  office  manager 
at  Whiskevtown. 

Work  on  the  tunnel  is  now  more  than 
half  of  the  way  tlirough  the  Buckhorn 
Mountains.  When  it  is  finished,  it  will 
play  an  integral  part  in  another  step 
forward  for  the  West. 


TRANSPORTING  EXPLOSIVES:  The  primed  dynamite  cartridges  are  transported  to  the 
working  face  in  a  specially  designed  and  constructed  powder  car  which  will  protect  its  cargo 
during  transit  from  the  powder  magazine. 
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Blasting  wltli  SKort-Pe  riod 
Delay  Detonators 
In  Oeor^ia  Limestone 


An 

outline 

of 

tbe  blast' 

in^ 

teebniq 

|ue 

of 

Ready- 

Mi: 

*  Oonerete 

Co 

mpany. 

w  ll 

ieh  proJu 

c  es 

w  e  1 1  - 

bro 

ben  poe 

b  a 

nJ 

a  mini¬ 

mum  of 

vi  b 

rat 

ions 

JOHN  W.  LOVIZa" 

A  short  distance  beyond  the  city 
limits  of  Rome,  Georgia,  are  the 
\  ast  operations  of  the  Ready-Mix  Con¬ 
crete  Company.  It  was  no  mere  chance 
that  this  55-acre  projx*rty  was  selected, 
for  it  was  only  after  extensive  explora¬ 
tory  core  drilling  and  testing  through¬ 
out  the  Rome  area  that  the  officials  of 
Readv-Mix  decided  this  site  was  the 
proper  location  for  their  operations. 
The  tests  showed  the  area  abounded 
in  limestone  of  an  e.xcellent  quality’, 
with  physical  and  chemical  properties 
making  it  suitable  for  a  variety’  of  uses. 
Another  important  factor  that  helped 
syving  the  decision  to  this  site  yvas  the 
availability  of  adequate  transportation. 
It  is  served  by  the  Central  of  Georgia 
Railroad,  which  means  that  freight 
shipments  can  easily  be  made  to  dis¬ 
tant  customers;  at  the  same  time  g(X)d 
paved  roads,  adjacent  to  the  property, 

“Hercules  Powder  Company 
Birmingham,  Alabama 


THE  QU.4RRY  FACE:  The  height  of  the  face  ranges  from  58  to  63  ft.  Oiiarrying  operations 
are  carried  on  three  benches:  the  top  level  is  15  ft.  high,  the  middle  is  18  ft.,  while  the  low 
bench  is  from  20  to  25  ft.  in  height. 
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FIGURE  1:  This  diagram  shows  Ihe  layout  of  a  typical  4S-hole  blast  at  the  Ready-Mix  quarry  .  The  numbers  alongside  the  holes  indicate  the 
order  of  firing.  Holes  are  spaced  on  9-ft.  centers,  and  each  hole  carried  a  5-ft.  burden. 


OU.\RRY  .4RE.\:  .4lthougli  tbe  area  where  blasting  is  now  carried  on  is  more  than  ^  mile  from  the  nearest  habitation,  great  efforts  are  made 
to  keep  vibrations  to  a  miiumum.  The  low-bench  blast  shown  was  detonated  by  short-period  delay  electric  blasting  caps. 
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EASY  DIGGING:  The  operator  of  the  Koehring  shovel  finds  the  rock  well  broken  and  easy  to  handle  with  the  l*i-cu.  yd.  dipper. 


facilitate  truck  deliveries  to  Rome  and 
nearby  municipalities.  Last  but  far 
from  the  least  consideration  was  that 
the  quarry  would  be  ov  er  )*  mile  away 
from  anv  housing  so  that  complaints 
about  vibration  and  noise  would  be 
kept  to  a  minimum. 

The  primary  product  of  the  Ready- 
Mix  Concrete  Company  is  crushed 
limestone,  which  is  sold  in  various 
sizes  and  gradations  for  use  as  con¬ 
crete,  asphalt  aggregate,  riprap,  and 
railroad  ballast.  Since  the  start  of  oper¬ 
ations  at  the  property  eight  years  ago, 
over  1,7(X),00()  tons  of  stone  have  been 
removed  from  the  quarry. 

The  average  height  of  the  quarry 
face  is  60  ft.  and  varies  not  more  than 
5  ft.  from  this  figure.  The  limestone 
formation  now  being  quarried  lies  on 


approximately  a  20°  pitch.  Quarrying 
operations  are  being  carried  on  by  the 
terrace  or  bench  method.  Three 
benches  are  being  worked:  the  top 
bench  is  15  ft.  high,  the  second  or  mid¬ 
dle  bench  is  18  ft.  high,  while  the  lower 
bench  ranges  from  25  to  30  ft. 

Short-Period  Delay  Firing 

Shortly  after  Ready-Mix  began  oper¬ 
ations  at  this  location  the  newly  de¬ 
veloped  short-period,  or  millisecond, 
delay  blasting  came  into  use.  .\fter 
extensive  experiments  with  this  new 
procedure,  Ready-Mix  was  one  of  the 
first  companies  to  adapt  this  system  of 
blasting  to  its  operations.  Company 
officials  found  that  the  interv'al  be¬ 
tween  each  delay  period  resulted  in  a 
few  holes  or  a  small  amount  of  explo¬ 


sives  being  detonated  at  any  one  in¬ 
stant.  This  greatly  reduced  vibrations 
and,  because  the  rock  was  not  being 
shot  against  the  solid  as  each  hole 
was  fired,  fragmentation  was  im¬ 
proved.  In  addition,  endbreak  and 
backbreak  were  reduced.  Ready-Mix 
estimates  that  with  short-period  delay 
electric  blasting  caps  only  about  20  to 
25?  of  the  e.xplosives  loaded  in  a  typical 
blast  is  being  detonated  at  one  time. 

The  drilling  eipiipment  at  Ready- 
Mix  quarry  consists  of  three  wagon 
drills  using  15i-in.  drill  steel  fitted  with 
2Jt-in.  bits.  The  wear  on  the  bit  steel 
is  not  too  severe  and  only  normal  bit 
replacement  is  recjuired.  Compressed 
air  to  power  the  drills  is  supplied  by 
a  Cardner- Denver  fXKl-c.f.m.  compres¬ 
sor.  This  equipment  is  sufficient  for  all 
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The  18-ft.-deep  holes  will  each  contain 
44.0  lb.  of  Gelamite  1  packed  in  3  by 
24-in.  cartridges.  This  amount  of  ex¬ 
plosives  will  occupy  about  1 1  ft.  of  the 
drill  hole,  the  remaining  7  ft.  being 
stemmed  with  drill  cuttings.  This 
method  of  loading  produces  appro.xi- 
mately  4.0  tons  of  rock  per  lb.  of  explo¬ 
sives,  making  a  powder  factor  of  0.55 
lb.  per  cu.  yd.  of  rock  in  the  solid. 

The  blasting  technique  in  use  at 
Ready-Mix  consistently  produces  ex¬ 
cellent  breakage,  with  the  stone  being 
moved  out  from  the  face  without  ex- 
c'essive  throw  and  with  very  little  sec¬ 
ondary'  blasting  necessary.  \  Koehring 
shovel  with  a  1/i-cu.  yd.  dipper  loads 
the  blasted  rock  into  Model  36  FD 
Euclid  trucks  of  9-cu.  yd.  capacity  for 
transportation  to  the  25  by  36-in.  Tel- 
smith  primary  crusher  where  the  stone 
undergoes  further  processing. 

Vibration  Studies 

Being  conscious  of  the  company’s 
responsibility'  to  be  good  neighbors  in 
the  community,  A.  W.  Ledbetter,  Sr., 
president  of  Readv-Mix,  has  long  been 
aware  of  the  potentially  unpleasant 
situations  that  might  arise  from  com¬ 
plaints  about  vibrations  and  noises 
from  blasting  operations.  In  an  effort 
to  evaluate  the  noise  and  vibration 
levels.  Mr.  Ledbetter  retained  Har¬ 
old  H.  White,  a  consulting  engineer  of 
Joplin.  .Missouri,  who  specializes  in  the 
problems  of  vibrations,  air-blast  pres¬ 
sures,  and  noise  incident  to  blasting 
operations. 

In  Mr.  White’s  study  over  an  ex¬ 
tended  period,  the  most  modern  equip¬ 
ment  was  used.  For  the  vibration  eval¬ 
uation,  Mr.  White  used  a  Leet  three- 
component  seis  nograph  to  measure 
the  ground  deflection  and  a  General 
Radio  Corporation  air-pressure  meter 
to  determine  the  intensity'  of  tlie  air 
pressure  or  concussion  at  the  time  of 
or  after  the  blast,  .\nother  piece  of 
scientific  equipment  which  Mr.  White 
used  in  his  work  was  the  recently  de¬ 
veloped  Electronic-Vibration  Com- 
parascope.  This  instrument  shows  vi¬ 
brations  as  they  occur  and  is  a  visual 
means  of  comparing  vibrations  from 
various  causes.  The  scope  of  the  sensi- 


the  drilling  reipiirements  except  dur¬ 
ing  periods  of  unusual  demand  for 
Ready-Mix  products.  When  this  oc¬ 
curs,  a  joy  .5(K)  fitted  with  a  4-in.  bit  is 
brought  in  to  drill  sufficient  holes  for 
one  or  two  blasts. 

Drilling  and  Loading 

When  operating  on  the  middle 
luMich,  which  is  IS  ft.  high,  using  the 
jov  wagon  drill  with  a  2J»-in.  bit,  a 
tvpical  blast  will  consist  of  four  or  five 
rows  of  holes  each  cxintaining  12  holes. 
The  holes  are  loaded  with  Gelamite®  1 
IS  by  24-in.  cartridges.  The  holes  are 
loaded  solid  until  the  charge  is  within 
5  ft.  of  the  surface.  The  remaining  Ixire 
hole  is  stemmed  to  the  collar  with  drill 
cuttings.  Holes  are  spaced  on  9-ft. 
ctmters,  and  each  hole  has  a  burden  of 


5  ft.  Holes  contain  approximately  16.8 
lb.  of  Gelamite  1,  which  gives  a  load¬ 
ing  factor  of  0.56  lb.  of  explosives  per 
cu.  vd.  of  rock  in  the  solid,  or  about 
4.0  tons  per  lb. 

The  firing  pattern,  using  No  \’ent® 
Short-Period  Electric  Blasting  Caps, 
has  been  standardized  for  all  blasts. 
The  center  section  of  each  row  is  fired 
one  period  sixiner  than  the  end  holes  of 
the  row.  This  pattern  is  illustrated  in 
Figure  1  on  page  180.  The  primer  car¬ 
tridges  are  placed  in  the  bottom  of  the 
holes. 

Naturallv,  a  slightly  different  drill¬ 
ing  and  loading  procedure  is  used 
when  the  Jov  5(X)  drill  mo\  es  into  the 
working  area.  The  4-in.  holes  are 
spaced  on  12-ft.  centers,  and  each  hole 
has  a  burden  of  approximately’  10  ft. 


CONV  EYOR  SYSTEM:  Here  the  rock  from  the  primar>  is  conveyed  to  the  secondary  crusher 
for  additional  preparations.  Almost  any  commercial -size  stone  can  be  supplied. 
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STORAGE  BIN'S:  Ready-Mix  has  unique  bins  for  the  storage  of  stone  before  delivery  to  trucks.  Two  bottom-dump  coal  cars  mounted  on  strong 

pilings  facilitate  the  loading  of  trucks  for  local  delivers'. 


tivitv  of  this  instrument  ranges  from 
the  vibrations  caused  bv  natural  earth 
movement  to  motion  from  .sources  un¬ 
connected  with  blasting  operations. 

The  c'ompleted  study  showed  that  vi¬ 
brations  resulting  from  blasting  oper¬ 
ations  as  carried  on  by  Ready-Mi.\  at 
its  Rome  location  were  well  within 
normal  tolerances,  and  that  the  possi¬ 
bilities  of  vibration  damage  to  homes 
and  buildings  surrounding  the  prop- 
erts'  were  e.xtremelv  remote. 

In  addition  to  Ledbetter,  Sr., 

who  as  president  heads  Ready-Mi.x 
Ca)ncrete  Company’s  progressive  man¬ 
agement,  other  officials  are:  A.  W. 

Ledbetter,  Jr.,  vice  president;  A.  M. 

Carter,  vice  president;  Paul  E.  Cole, 
quarrv  superintendent;  and  George 
.Messer,  Jr.,  quarry  foreman. 
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IN  CHARGE:  Much  of  ‘he  responsibilitv  for  the  smooth  operutioii  of  the  Ready-Mix  Concrete 
(Company  quarry  rests  on  the  sturdy  shoulders  of  (ieorge  Messer,  Jr.,  <|uurr>  foreman,  and 
.A.  \V.  Ledbetter,  Jr.,  vice  president. 
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JOHN  BRUCE  BONNY 


JAMES  r.  ARMSTRONG 


THE  MOLES  AWARDS 


selections.  Formal  presentations  of  the 
honors  will  be  made  at  the  Moles 
Award  dinner  on  January  28,  1959,  at 
the  Waldorf-Astoria  Hotel  in  New 
York  City.  Mr.  Armstrong  and  Mr. 
Bonny  are  the  nineteenth  pair  of  hon- 
orees  to  receive  the  award.  Some  of 
the  previous  winners  are  former  Presi¬ 
dent  Herbert  Hoover,  Robert  Moses, 
Admiral  Ben  Moreell,  Peter  Kiewit, 
Har\ev  Slocum,  and  Louis  Perini. 


nels,  in  bridge  construction,  and,  more 
rtvently,  in  the  highly  specialized  field 
of  pneumatic  caissons  for  bridge  foun¬ 
dations.  Mr.  Armstrong  is  a  life  mem¬ 
ber  of  the  American  Society  of  Civil 
Engineers. 

John  Bruce  Bonnv 
John  Bruce  Bonny,  the  nonmember 
winner,  is  vice  president  and  general 
manager  of  Morrison-Knudsen  Com¬ 
pany,  Inc.,  and  directs  the  world-wide 
operations  of  this  heavy-construction 
organization.  During  1958,  M-K  had 
more  than  200  separate  contracts  in 
the  United  States  and  18  foreign  coun¬ 
tries.  Mr.  Bonny  is  a  graduate  of  the 
University  of  California,  and  has  spent 
his  entire  professional  career  in  the 
construction  field. 
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Tiu  .Awards  cHmimittee  of  The 
Moles,  an  association  of  prominent 
e.xecutives  in  the  tunneling,  dam-build¬ 
ing,  and  hea\y-construction  industrv, 
recentlv  announced  that  James  F.  Arm¬ 
strong  of  New  York  City  and  John 
Bruce  Bonnv  of  Boise,  Idaho,  will  re¬ 
ceive  The  -Moles  .Awards  for  1959. 

The  awards,  made  annually  to  one 
member  and  one  nonmember  of  the 
association,  are  bronze  plaques  and 
citations.  These  are  given  for  outstand¬ 
ing  contributions  to  construction  prog¬ 
ress,  and  “are  considered  the  highest 
recognition  that  can  be  awarded  indi¬ 
viduals  for  service  to  the  construction 
industrv,”  stated  Howard  .A.  Collins, 
president  of  The  Moles,  in  making  an¬ 
nouncement  of  the  .Awards  committee 


James  F.  .Armstrong 

James  F.  Armstrong,  the  member 
winner,  is  vice  president  of  the  Peter  F. 
Connolly  Company,  and  has  been 
identified  with  heavy  construction  for 
more  than  a  half-century.  A  great  deal 
of  his  work  has  been  in  driving  tun- 


tining  i^liners 
Quarry  men 
arJea  Sentinel 
Safety  Xropliy 


y  pr«>sram 


SENTiNKLs  OF  SAFETY  tiopliv  aiicl  flag  iiate  hazards,  and  to  instill  an  aware- 
presentations  were  made  recently  ness  of  safety  in  tlie  minds  of  employes, 
in  impressive  ceremonies  at  the  mines 
and  quarries  for  the  winners  of  the 
1957  National  Safety  Competition.  The 
winning  symbols  were  presented  at 
five  of  the  si.\  winning  plants;  at  the 
sixth,  no  formal  presentation  was  made 
because  the  Pine  Knot  Colliery  of  the 
Heading  .Anthracite  Company  at  Min- 
ers\  ille,  Pennsylvania,  had  been  closed 
sincT'  the  winning  of  the  award  in 
the  anthracite  group. 

-Apparent  were  the  definite  efforts  by 
the  plants’  managements  to  make  the 
presentation  c-eremonies  of  lasting 
value  to  the  employes  in  promoting  the 
cause  of  safetv'  for  the  future.  This 
aim  was  achiex  ed  in  a  number  of  ways. 

Often,  top  officers  from  the  companies’ 
home  offices  congratulated  the  miners. 

-Addresses  by  company  men  stressed 
the  importance  that  management  at¬ 
tached  to  siifetx’,  the  time,  attention, 
and  money  they  were  willing  to  devote 
to  improve  safety’  programs,  to  elimi- 
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The  Bellefonte  Mine 

Miners  of  the  Bellefonte,  Pennsyl¬ 
vania,  Mine  of  the  National  Gv’psnm 
Company  gathered  at  the  Penn  Belle 
Hotel  in  Bellefonte  on  .Angn.st  16 
at  noon  for  the  presentation  of  the 
National  Safetv  Competition  award  in 
the  nonmetallic  classification.  Harold 
Gustafson,  plant  manager,  was  master 
of  ceremonies  for  the  meeting  of  ap¬ 
proximately  h5()  employes. 

John  A.  Johnson,  chief  of  the  Bureau 
of  Safety  of  the  United  States  Bureau 
of  Mines,  presented  a  ('ertificate  of 
Accomplishment  in  Safety  to  each 
miner.  “The  Bellefonte  Mine  has  been 
entered  in  the  National  Safety  C>ompe- 
tition  for  the  past  nine  years,”  Mr. 
Johnson  said.  “In  this  nine-year  period 
your  frequency  rate  has  been  6.05, 
which  is  about  one-third  the  rate  of 
the  other  nonmetallic  mines.” 

Richard  E.  Gill,  production  man- 
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AT  THK  BKLI.KFONTK  MINE  CT'REMONY:  Gilbfrt  B.  Eckicy,  representing  the  employes  of  the  Bellefonte  Mine  of  the  National  Gypsiini 
('oinpany,  receives  the  Sentinels  of  Safely  trophy  from  Thomas  E.  Nfiller,  contributing  editor.  The  Explosives  Engineer.  At  the  left  is  John  A. 
Johnson,  chief  of  the  Bureau  of  Safety  of  the  I'nited  States  Bureau  of  Mines;  at  right  is  Harold  Gustafson,  plant  manager. 


ager  of  the  Natiopal  G\  psiiin  (.oinpativ 
at  Buffalo,  New  York,  said  the  eoin- 
panv's  rect'iit  purchase  of  additional 
stone  property  adjacent  to  the  mine, 
ijreatlv  extending  its  life,  signified  the 
company’s  confidence  in  the  outstand¬ 
ing  safety  rec-ord  the  men  had  achieyed. 

Thomas  E.  Miller,  representing  Thk 
Explosixks  E.vtaNKKR,  presented  the 
Sentinels  of  Safety  trophy  to  Gilbert  B. 
Eckley,  and  the  Sentinels  of  Safetx 
Hag  to  Joe  Pinto,  both  representing  the 
Bellefonte  employes. 

Merrill  Pollard,  director  of  safety  of 
National  CNpsum,  Buffalo,  New  York, 
and  Victor  If.  Thomas,  vice  president 
of  the  United  Gement,  Lime,  and 
Gx  psum  Workers  International  Union, 
congratulated  the  men  on  their  safety 
achieyement  during  1957. 

.Michigan  Limestone’s  Calcite  Quarry 

The  .Michigan  Limestone  Dixision 
Quarry  of  United  States  Steel  Corpora¬ 
tion,  at  Rogers  City,  Michigan,  held 
the  presentation  c(*remony  for  its  Cal¬ 
cite  Plant  winners  on  .August  27  at  the 


change  of  shifts.  L.  J.  Patterson,  man¬ 
ager  of  operations.  Northern  District. 
w;is  master  of  ceremonies. 

Donald  T.  \’an  Zandt.  managt'r  of 
the  ('alcite  Plant,  accepted  the  trophy 
from  Mr.  Miller,  saying.  “W’e  have  not 
one  safetx'  director,  but  many,”  and  ex¬ 
plained  that  the  winning  of  the  award 
meant  much  wttrk  for  main  among 
tlu‘  employes. 

.Allen  D.  Look,  district  superv  isor  of 
health  and  safetx  of  the  U.  S.  Bureau  of 
Mines.  Duluth.  Minnesota,  presented 
the  indix  idual  Ortificates  of  .Accom¬ 
plishment.  “.Any  safetx-  achiex  ement  is 
the  result  of  many  indix  idual  efforts,” 
Mr.  Look  said.  “These  many  efforts 
haxe  xxon  for  xou  the  highest  safetx 
award  that  cxin  be  gixen.  Had  any 
single  man  suffered  a  disabling  injurx- 
last  year,  xxe  xxould  be  presenting  this 
axx’ard  to  another  (juarry.” 

Cdiristian  F.  Beukema,  president  of 
the  Michigan  Limestone  Dixision,  said 
he  xxas  “filled  xvath  pleasure  and  hu- 
militx'  to  xx'itness  an  axx  ard  being  gix  en 
to  this  plant.  It  is  an  honor  v’ou  richlx’ 


deserx  e.  The  slogan  ‘Safetx’  First'  xx  as 
coined  by  U.  S.  Steel.”  He  xoiced 
management’s  determination  to  en- 
c-ourage  a  safetx  axxareness  among  its 
emploxes  at  the  (juarry. 

The  Mississi|)|)i  Group  Mine 

\\  ix  es  and  children  accomjxanied 
the  ojien-jiit  xx  inners  to  the  ceremony 
held  by  the  Hanna  Ore  Mining  C’om- 
jxany  for  the  Mississijxjxi  Grtmp  Mine 
emjdoyes  at  Keexxatin,  .Minnesota,  on 
October  3  at  3  jx.m.  Ch'orge  A.  Borge- 
son,  manager  of  safetx-  and  claims,  xvas 
chairman  of  the  meeting.  R.  \\’.  W’hit- 
ney.  xice  president  and  general  man¬ 
ager  of  mines  of  the  M.  .A.  Hanna 
C'omjianx-,  CJlexeland,  told  the  miners 
and  their  families  that  if  they  main¬ 
tained  a  respect  for  the  hazartls  of  tlu* 
mine,  accidents  xx  ill  not  hajijien.  “We 
imjiress  ujxon  our  children  the  hazards 
of  the  higlixyay.  of  crossing  the  street,” 
he  said,  adding  that  they  must  imjxress 
ujjon  themselx  es  the  same  sort  of  mes¬ 
sage. 

R.  M.  Gross,  superintendent  of  the 
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THK  QUARRY  AWARD:  Allen  D.  Look, 
supervisor  of  health  and  safety,  U.  S.  Hiireaii 
of  Mines,  Duluth,  Minnesota,  presenting  the 
individual  C^ertifieates  of  Aceoinplislunent  in 
Safety  to  Robert  Kruning,  representing  the 
employes  of  Miehigan  Limestone  Division’s 
C^alcite  Plant,  winners  of  the  quarry  award. 
In  background  are  If.  U.  Farrell,  director  of 
industrial  relations,  and  Donald  T.  \'an 
Zandt,  manager  Ualcite  Plant,  Mr.  Miller, 
Christian  F.  Beukema,  division  president, 
and  L.  j.  Patterson,  district  manager  of 
operations. 


Mississippi  Ciroup  Mint',  rt‘ct'i\t‘tl  tlu' 
tropin  from  Mr.  Millor,  and  Willard 
Andt'r.son.  prositlont  of  Unitt'd  Stool 
^^^)rkor.s  Local  2fif)(),  rocoix  od  tlio  Hag. 
.Vdtlrossing  the  wives  and  ohildron  of 
the  minors  dirootlv,  Mr.  dross  said  it 
was  “wondorfnl  that  hu.shands  and 
fathers  can  earn  a  livelihood  for  von 
without  snfloring  ininrios,”  and  a.skod 


their  help  in  promoting  safety  in  the 
home.  Mr.  Johnson  of  the  Bureau  of 
Mines  presented  the  individual  C'ertifi- 


MINKR’S  F.AMILY:  .Mr.  and  Mrs.  Charles  Lindherg  and  son.  Chuckie,  study  the  Sentinels  of 
Safety  trophy  presented  to  the  Mississippi  Croup  Mine  of  liamia  Ore  Mining  Catmpany, 
Keewatin.  Minnesota,  at  presentation  ceremonies  for  miners  and  their  wives  and  children. 
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CALLOWAY-MARY  WINNERS:  Presentation  ceremony  held  at  Calloway  “B”  shaft  of  Calloway-Mary  Mine  of  Tennessee  Copper  Company 

Division,  Tennessee  Corporation,  Ducktown,  Tennessee.  October  8. 


cates  of  Ac'coinplishment  to  the  men, 
and  Mr.  Look  presented  the  Jo¬ 
seph  A.  Holmes  Certificate  of  Honor 
to  John  Russo,  general  pit  foreman. 

Bert  M.  .\ndreas,  manager  of  Min¬ 
nesota  Mines,  Joe  Gustin,  representing 
the  United  Steel  Workers,  and  Ber¬ 
nard  G.  Hurley,  Itasca  County  mine 
inspector,  also  addressed  the  meeting. 
Refreshments  were  served  to  the  em¬ 
ployes  and  their  families  following  the 
ceremony. 

The  Calloway-Mar\-  Nfine 

Tennessee  Copper  Company  Divi¬ 
sion  of  the  Tennessee  Corporation  held 
its  presentation  ceremonies  on  October 
8  at  2:30  p.m.  at  the  Calloway  “B” 
shaft  of  the  Calloway-Mary  Mine, 
Ducktown,  Tennessee.  H.  F.  Kendall, 
superintendent  of  mines,  was  chairman 
of  the  meeting.  .M.  C.  McGall,  repre¬ 
senting  the  United  States  Bureau  of 
■Mines,  Birmingham,  Alabama,  Office, 
congratulated  the  winners  in  the  metal 
mine  group  on  their  achievement,  and 
presented  the  indi\idual  Certificates 
of  .•Vccomplishment. 

.Mr.  Miller,  representing  The  E.xplo- 
srvES  Engineer,  presented  the  Senti¬ 
nels  of  Safety  trophy  and  flag  to  the 
miners.  He  pointed  out  that  the  Cal¬ 
loway-Mary  .Mine  either  has  won  the 
trophy  or  recei\  ed  honorable  mention 
in  seven  of  the  14  years  the  mine  has 
been  entered  in  the  competition. 

The  Republic  Mine 

The  Republic  Steel  Corporation  held 
its  award  ceremony  for  the  Republic 
Mine,  winners  in  the  bituminous-coal 
mine  group,  on  November  1,  1958,  at 


tlie  Pikeville  College  Gymnasium, 
Pikeville,  Kentucky.  J.  N.  Hedding, 
manager  of  northeni  coal  mines,  was 
master  of  ceremonies,  and  C.  C.  Virgin, 
superintendent  of  industrial  relations, 
was  chairman  of  the  meeting.  E.  R. 
Johnson,  vice  president  in  charge  of 
operations,  and  E.  B.  Winning,  assist¬ 
ant  Nice  president  in  charge  of  oper¬ 
ations,  addressed  the  miners  and  their 
wives  and  children.  R.  H.  Ferguson, 
assistant  director  of  industrial  rela¬ 
tions,  presented  the  Republic  award 
jrins  to  Kermit  .Ad¬ 
kins,  chairman  of  the 
Republic  Safety 
Committee.  R.  D. 

Reeder,  L^  S.  Bureau 
of  Mines,  presented 
the  indi\idual  Cer¬ 
tificates  of  .Accom¬ 
plishment  to  Fred 
Belcher,  Jr.,  presi¬ 
dent  of  Local  L^nion 
No.  8045,  L^nited 
.M  ine  Workers. 

J.  L.  C’oyer,  su¬ 
perintendent  of  the 
Republic  Mine,  ac- 
c-epted  the  Sentinels 
of  Safety  trophv  and 
flag  from  Mr.  Miller. 

Following  the  pres¬ 
entation  Mr.  Coyer 
was  given  a  surprise 
award,  a  plaque 
from  the  Kentucky 
Department  of 
Mines  and  Minerals. 

This  award  of  merit 
was  made  to  Mr. 

Coyer  “in  recogni¬ 


tion  of  devoted  ser\ice  to  his  fellow 
men,  and  untiring  efforts  toward  pro¬ 
moting  safetv’  in  the  aial  industry.” 

The  five  ceremonies  were  marked 
by  an  excellent  spirit  of  cooperation 
among  the  men,  the  company  manage¬ 
ments,  and  the  union  officials,  making 
it  apparent  that  on  the  happy  occasion 
of  a  safety  presentation  all  elements 
agree  upon  the  importance  of  safety 
in  operations.  The  trophies  and  flags 
are  prox  ided  each  year  by  The  Explo- 
si\  i':s  Engineer. 


SURPRISE  .AWARD:  James  Phalan  (right),  chief  deputy  of  Mines 
and  Mineral  Industries,  presenting  award  of  the  Kentucky 
Department  of  Mines  and  Minerals  to  J.  L.  Coyer,  superintendent 
of  Republic  Mine,  “in  recognition  of  devoted  sers'ice  to  his  fellow- 
men  and  untiring  efforts  toward  promoting  safety.” 
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IVIineral  Prospecting  In  IVIontana 


J.  L.  PEIRSOL 


A  crawler-mounted  drill  was  perched 
Along  a  ledge  of  rock-strewn  shale. 
The  drilling  operators  searched 
For  minerals  in  biting  gale. 

Montana  hit  a  “ten  below” 
•Accompanied  hv  a  falling  snow. 


With  giiv  lines  white  with  icv  frost, 

The  drilling  bit  smashed  hard  rock  bed. 
Tired  drillers  found  their  tools  were  lost 
.\  fishing  job  lav  just  ahead. 

They  got  out  fishing  tools  to  clasp 
The  tools  sunken  bevond  their  grasp. 


Tlu'  wind  blew  hard,  a  cruel,  cold  blow 
(diilled  drillers  turned  their  collars  up 
.As  ice  was  mingled  with  the  snow. 
Each  drained  a  steaming  coffee  cup, 
Then  fished  for  tools  for  quite  awhile. 
Their  faces  stern,  bereft  of  smile. 


•At  last  the  fishing  tools  caught  hold; 
They  pulled  the  drill  tools  from  the  hole 
Untouched  by  yellow  placer  gold. 

The  object  of  their  search  and  goal. 
Discouraged,  they  replaced  their  tools. 
•And  cursed  them.selves  for  being  fools. 


“.At  ten  below”  who  cares  for  CiOl.D? 

Their  frost-numbed  minds  held  fast  this  thought 
.As  manv  cigart'ttes  were  rolled 
With  wind-swept  flame,  thev  finally  caught. 
Then,  with  a  will  thev  tried  again 
To  find  this  gold  treasured  by  men. 


“W'e  might  as  well  gi\e  up,”  one  said, 
“It’s  gittin’  on  toward  dark,  you  know.” 
The  other  driller  shook  his  head. 

While  drill  tools  jerked  and  tugged  below 
With  jo\  ful  cry,  they  each  grasped  hold 
The  drill,  at  last,  struck  PLACER  (iOI.D. 
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NEWS 

NEW  C  RANE  Bl'Li.ETlN 
riic  loniplctf  range  of  kiK-liriiig  ruhln'r- 
iiioiinted  cranes,  trt)in  15  to  45-ton  lift  ca- 
pacit>,  is  presented  in  a  new  4-page  hiilletin 
just  released.  I'rinted  in  two  colors,  tlie  bulle¬ 
tin  slums  a  total  of  11  photos  of  the  highly 
mobile  ecpiipment.  with  important  commen- 
tar>  on  each  sizi'  crane. 

illustratid  are  15-,  25-.  3.5-.  and  45-ton 
lift-capacity  truck  cranes.  .\lso  included  are 
jihotos  of  the  15-  and  tlie  new  2.5-ton  lift- 
capacitx  ■■('riiiser"  cranes.  The  m.mufactiirer 
st.ites  that  all  models  are  conxertible  tor 
draghne,  clamshell,  or  bucket  work.  Ca)pies 
of  tile  bulletin  ean  Iv  obtaiiuxl  from  kiH-hring 
Division.  .3026  West  (amcordia  .-Vvenue,  .Mil¬ 
waukee  16,  Wisconsin,  or  from  distributors. 

INSl'LATED  C  ABLE  HANDBCKIK 
To  help  civil  and  consulting  engineers  and 
contr.ictors  of  the  heav  y -construction  indus¬ 
try  prepare  their  six-cifications  for  sjx'cial 
electric  cabh-  installations,  a  lU’w,  compre¬ 
hensive  book  on  “NEI'C'O-.SIL”  silit'one 
rubber-insulated  cables  has  just  Ikhmi  pub- 
lishctl  by  .National  Electric  rroihicts  C'.orjX)- 
ration,  Pittsburgh. 

Discussed  in  separate  sections  of  the  new 
IxKjk  .ue  individual  six-cifying  factors  includ¬ 
ing  iXTform.iiKe  data,  siTvice  life,  physical 
projx'rties,  electrical  characteristics,  sug¬ 
gested  aiiplications,  and  test  results.  Charts 
and  photographs  illustrate  conip.irativc  serv¬ 
ice  life  and  ix-rforni.iiKe  of  organic  and  sili¬ 
cone  rubbers  within  a  teniix-rature  range  of 
—55  degrees  Cx-ntigrade  to  200  degrees  Cen¬ 
tigrade.  Electrical  characteristics  are  re- 
Hi-cted  in  table  form.  The  table  provides 
comparison  with  other  insulating  materials 
accoriling  to  the  jxt  cent  of  jxiwer  factor, 
sjx'cific  inductive  capacitance  and  constant 
versus  water  soak  at  70  degrees  Centigrade. 
.\STM  sixcifications  and  typical  properties 
of  \EPt:0-SlL  insulation  are  also  listed. 

The  new  handluxik  can  lx-  obtained  by 
writing  to  the  .Advertising  Dep.irtmeiit,  Na¬ 
tional  Electric  Products  Corjxiration.  2  Cate- 
way  Center,  Pittsburgh  22.  Pennsylv  ania. 

NAYLOR  PIPE  CATALOG 
.As  a  help  to  pijX'  users,  Nay  lor  Pipe  Com¬ 
pany,  Chicago,  has  just  published  a  con- 
den.sed  catalog  covering  tlie  complete  line 
of  tlie  company’s  pilx,  fittings,  flanges,  and 
connections. 

Data  presented  include  standard  six'cifi- 
cations  for  Naylor  Lockseani  Spiralweld  pipe 
in  sizes  from  4  to  .30  in.  in  diameter;  illus- 
tr.ited  data  on  Naylor  one-piece  Wedgclix'k 
coujilings  and  other  tyix's  of  connections; 
standard  .Naylor  fittings  for  lightweight  pijx-; 
and  welding  flanges  for  Nay  lor  piix-. 

In  addition,  ordering  information  and  ap- 
jilications  in  diversified  industries  are  pre¬ 
sented  in  concise  form. 

Copies  of  the  condensed  catalog,  known 
as  Bulletin  .No.  .59,  can  lx  obtained  from 
Naylor  Pipe  Company,  1230  East  92nd 
Stn-i't,  Chicago  19,  Illinois. 

C  ATERPILLAR  BOOKLET 

Caterpillar  Tractor  Co.  has  released  a  new 
IxMiklet.  “Breaking  the  Barriers  to  Profit,” 
designed  to  aid  in  niiichinery  .selection  for 
the  sand  and  stone  industries. 

Containing  on-the-job  photos  of  Cater¬ 
pillar-built  machinery  at  work  throughout 
the  country ’The  Ixxiklet  shows  how  today’s 
iiKxlern  earthmoving  equipment  handles  the 
many  production  tasks  ;iround  the  pit  site. 
.According  to  the  manufacturer,  reports  from 
actual  oix’rations  explain  how  Cat-made 
equipment  offers  a  saving  in  eijuipment  work¬ 
ing  exjx-nses.  Copies  of  the  booklet  “Break¬ 
ing  the  Baniers  to  Profit”  m;iv  be  obtained 
from  Caterpillar  de,alers  or  by  reipiesting 


NOTES 

P'orm  U85()  from  the  .Advertising  Division, 
('aterpillar  Tractor  Co.,  Peoria,  Illinois. 

RE\  ISED  SWITCH  CATALOG 
Newly  revised  Catalog  83c,  covering 
a  complete  line  of  industrial  enclosed 
switches,  has  just  lx“en  relea.seil  by  .MICRO 
SWITCH,  Freeport,  Illinois,  a  division  of 
Minneaptilis-lfoneywell  Regulator  Co. 

This  catalog  gives  complete  details  of 
nine  housing  groups  of  metal-enclosed 
switches  for  industrial  uses.  Explosion-proof, 
maintained-contact,  prewiretl,  hand-oper¬ 
ated  and  sealed  switches  are  a  few  of  tlie 
99  different  listings  shown. 

The  new  2()-page  catalog  is  published  as 
an  aid  to  the  plant  engineer  and  miiintenance 
man,  as  well  ;is  the  designer  of  original  ecpiip- 
nient.  Copies  may  lx-  secured  by  writing 
dirivt  to  the  lompany. 

LIMA  GEARMOTORS 
The  Lima  Pdeetric  .Motor  Co.,  liic.,  has 
.iiiiiounctxl  the  addition  of  A'ertical  Gear- 
motors  lO  its  line  of  electric  motors  and  speed 
redut'crs.  Thesr-  new  units  are  av;iilable 
with  either  flanged  mounting  fat'e,  or  with 
standard  vertical  extended  housing,  llicy 
are  supiilied  in  double  or  triple  reduction 


units  with  Duti-Rated  Lifetime  gearing,  in 
ratings  from  1  to  75  hp.,  witli  reductions 
from  356  to  r.p.ni. 

Built  with  standard  LIM.A  motors  in 
drip-proof,  totally  enclosed,  fan-cooled  or 
explosion-proof  enclosures,  these  units  oper¬ 
ate  at  normal  torque,  on  3  or  2  plnise,  60 
cycle,  208,  220/440,  or  .5.50  volts.  SjX'cial 
voltagi's  and  freiiuencies  as  well  as  mechan¬ 
ical  modifications  arc  also  available. 

For  complete  information,  write  The 
Lima  Electric  Motor  Co.,  Inc.,  Lima,  Ohio. 

JOY  BELT  BULLETIN 

Bi'lt  conveyors  that  go  around  conn-rs  are 
ih-si-rilx‘d  in  joy  Manufacturing  Company’s 
new  four-page  bulletin  I.D-109.  Operation 
of  the  Joy  90°  Belt  Turn  I'nit  and  tlie 
“Live  Belt  Ri'serve”  system  of  conveyor  ad¬ 
vance  is  exphiined. 

Through  photographs,  a  mine  plan,  and 
text,  the  manufacturer  claims  that  Belt  Turns 
in  an  extensible  conv  eyor  system  give  contin¬ 
uous  mining  new  flexibility  and  .save  costs. 
-A  section  on  “Live  Belt  Reserve”  tells  how 
Bi‘lt  Turns  ;uid  six-cial  mobile  pulleys  per¬ 
mit  storage  of  large  quantities  of  belting 
in  live  reserve  to  enable  faev  eipiipment  to 
advance  for  an  entire  shift  without  stopping 
to  add  more  Ixdt. 

For  more  information,  write  Joy  Manu- 
bicturing  Co..  Oliver  Bldg.,  Pittsburgh  22. 
Pennsylvania. i 


VIBRATION  EFFECTS 

ON 

STRUCTURES  •  WELLS  •  PIPE  LINES 

HAROLD  H.  WHITE 

CONSULTING  ENGINEER 

2831  EAST  14TH  STREET 
JOPLIN,  MISSOURI 

Seismograph  •  Acceierograph  *  Electronic  Comparascope 
Micro  Barograph  Surveys 

Investigation  of  Explosions  and  Explosives  Accidents 


BRAtlOJ*  , 


EXPLOSIVES  USERS  —  If  you  are  experiencing  or  anticipate  legal  or  public 
relations  problems  arising  from  blasting  effects— 

Send  For  Our  BROCHURE  Destribing  Our  Services 

fPriee  Sthedufm  Actom/^onies  Brochure) 

Seismograph  Protection  -  Preblast  and  Postblast  Property  Inspections 
Condition  Surveys  and  Appraisals  —  Electrical  Resistivity  Surveys 
Vibra-Log  Service  —  Seismograph  Rentals  and  Sales 

THE  VIBRATION  ENGINEERING  COMPAN  Y 


407  Hazleton  Notional  Bonk  Bldg. 

Pimborgh  Areo  Office  B  F  „  „  j  p  p  ^ 

Philip  R.  Berger,  Mgr.  ,  c  •  •  • 

Bradford  Road  Chief  Seismologist 

Brodfordwoods,  Po. 

Phorre:  WEstmore  5-1655 


Phene:  GLodstone  5>1961 


Hoilefon,  Po. 


Affiliated  with 

Frank  Neumonn,  Seismologist 
4546  45th  Ave.,  N.E. 
Seattle  5,  Wash. 

Phone:  lakeview  4-0028 
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1(1  hrcak  down  coal  ^cam^  iiitci>|u‘rst‘il  with  thick  haml>  ol  hcaw  rock 
and  >latc.  a  .-troni:.  dc^^c  jrradt'  ol  [ttMtni^^ihlc  [lowdcr  i>  needed  to 
get  ('conomical  re^ult^  Iroin  hla^t^. 

llerculo  nianidacturo  >nch  a  |)c^nn>^ihlc  [lowder.  alotiL'  'vilh  other 
<zrade>  and  >treniith^  (d Cxiilo.-ixo  to  met't  the  main  and  \aried  eondi- 
tiom  in  coal  mine>  ihroiiiihoiil  the  nation. 

Our  t (‘clinical  ^al(‘^-^cr\  ic(‘  rc[irc>cntali\ cs  welcome  the  op|i()rtunil\ 
to  discuss  with  \ou  Ilercnle^  [iermi>>ihle  |)owdei>  in  "Kimi-Si/e 
cartrid!Z(‘s.  and  to  >ho\\  hou  their  um‘  re>nll>  in  im[iid\ed  m(‘thod>  ol 
hhntiii!:  and  more  edicient  operation  (d  \our  coal  mine. 
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50-Rs  Speed  Mountain  Top  Removal 
At  Huge  Latin  American  Copper  Mine 


mand  over  rotation  of  the  drill  pipe.  He 
can  choose  the  most  efficient  speed  for  a 
given  formation  without  stopping  the 
drilling  operation.  Hydraulically  powered 
down  pressure  on  the  bit  provides  con¬ 
trolled  load  on  drilling  tools  for  maximum 
penetration. 

These  seven  50-Rs  are  electric  rigs  de¬ 
signed  for  drilling  9'«  to  12'4-in.  holes. 
For  drilling  6'4  to  9-in.  holes  Bucyrus-Erie 
Company  offers  the  -fO-R  with  either  diesel- 
electric  or  full  electric  power. 

Get  the  full  story  on  these  drills  today. 
VC'rite  direct  for  illustrated  literature. 
Bucyrus-Erie  Company,  South  Milwaukee, 
Wisconsin. 
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•  .  at  Scenes  of  Progress 


no 

toouepaia  ; 
MINE  I 


Fast-drilling  Bucyrus-Erie  rotary  drills 
were  put  to  use  recently  as  Southern  Peru 
Copper  Corporation  began  blasting  opera¬ 
tions  at  its  new  mine  located  100  miles 
inland  from  the  Pacific  port  town  of  Ho. 

Before  any  ore  can  be  mined,  the  com¬ 
pany  must  remove  the  top  from  a  moun¬ 
tain  called  Toquepala.  Excavation  amounts 
to  some  120  million  tons  of  rock  and  earth. 

To  get  things  going,  seven  50-Rs  were 
brought  in  for  drilling  blast  holes.  They 
are  well  equipped  for  the  job.  X'ariable 
drilling  ipeed  and  variable  pulldou  ti  pres¬ 
sure  provide  the  resources  for  speedy  drill¬ 
ing  at  Toquepala. 

Vi’ard  Leonard  variable  voltage  control 
gives  the  operator  smooth,  instant  com¬ 


A  Familiar  Sign  .  .  . 


The  Right 

EXPLOSIVES 


Experienced 

KNOW-HOW 


Results 

PAY  OFF 


llrmilrs'  Ihnuiiiilr  ami  KK-rlric*  |{la!>tiii^  ('ap?*.  plus  llrrriil«-s  sal«*s-«-ii<:im‘«‘rs  \\ill  la-  <:la«l  lo  assi>l  in  srl«*rl- 
expfrifiuvd ‘'know-how.'"  ma«l«“  possible  lli<*s<*  «‘x<*«‘llt‘ut  inji  llie  rijilil  «‘oinhiiialion  of  explosi\es  ami  hlaslin^ 
hlasliii^  results  in  a  lra|>roek  quarry.  metlHMi>  lo  meet  \onr  parlienlar  reqnirenient'-. 


Itiriiiiii^hain.  (  Iiieu^o.  Diiliilli,  lluzieton. 

Joplin,  l.o^  Aiifieles,  New  Y»»rk. 
I*iltsltiir)>h,  Salt  |j»ke  (!ity,  San  Kram  iseo 
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OK  ...  if  you  can  find 
an  Indian  who  can  shoot  % 

a  bow  and  arrow!  ^ 


In  secondary  blastingyit^ 
ignite  all  safety  fuse/wit 


asier  to  connect  and 


Prime  with  safety  fuse  and  blasting  caps.  You’ll  play- 
it-safe  two  ways: 

•  No  danger  from  stray  electrical  currents  or 
thunderstorms. 

•  No  big  "boom!”:  you  get  a  series  of  small 
shots:  "pop-pop-pop”. 

Connect  and  ignite  your  safety  fuse  primers  with 
Quarrycord  and  play-it-safe  again  because  — 

•  No  men  on  the  rock  pile.  The  entire  blast 
is  set  off  by  one  man  at  a  point  where  escape 
is  safe  and  easy. 

Quarrycord  is  packed  on  spools  in  100-ft.  lengths.  It 
is  easily  lighted  with  a  match  and  burns  with  a  very 
hot  open  flame  at  the  rate  of  about  one  foot  per  second. 

HOW  TO  USE  QUARRYCORD 

Cut  your  safety  fuse  in  equal  lengths  as  prescribed  by 
your  State  law,  and  prepare  your  primer  cartridges. 
On  the  end  of  the  fuse  opposite  the  blasting  cop  place 
a  Connector.  This  is  a  metal  tube  containing  an  igni¬ 
tion  compound  in  the  slotted  end,  and  color-banded 
for  easy  identification.  Load  and  tamp  the  holes. 

When  ready  to  blast,  connect  all  holes  with  Quarry¬ 
cord,  placing  it  in  the  slot  of  each  Connector  and 
pressing  the  "lid”  down  to  hold  the  Quarrycord  firmly 
in  place  and  assist  ignition. 

Connect  your  main  lines  with  cross  lines  wherever 
these  will  cut  dow’n  the  over-all  burning  time.  Lead 
main  lines  off  to  a  point  away  from  the  rock  pile. 
When  all  is  ready,  light  this  end  with  a  match  and 
go  to  a  place  of  safety.  o . 


I/’s  quite  a  story,  told  completely  in  this  folder  which 
we’ll  send  you,  free,  when  you  ask  for  it.  Vi'rite  today. 


Your  explosives  supplier  can  supply  Quorryeord  and  Connectors. 


THE  ENSI6N-BICKFORD  COMPANY 

Simsbury,  Connecticut  •  Since  1836 

Primacord^  and  Detacord^  Detonating  Fuse,  Safety  Fuse,  Ignitacord^,  Quarrycord'^,  Pyrotechnical  Devices  and  Blasting  Accessories 


